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CAROTENE  AND  VITAMIN  A  IN  THE  NUTRITION  OF 

GROWING  DAIRY  CATTLE^ 

R.  E.  WARD  AND  S.  I.  BECHDEL 
Department  of  Dairy  Husbandry 

AND 

N.  B.  GUERRANT 

Department  of  Agricultural  and  Biological  Chemistry, 

The  Pennsylvania  State  College 

Jones,  Eckles  and  Palmer  (10)  were  among  the  first  investigators  to 
demonstrate  the  necessity  of  vitamin  A  for  the  proper  nutrition  of  dairy 
calves.  Bechdel,  Eckles,  and  Palmer  (1),  and  Converse  and  Meigs  (3,  4, 
12)  submitted  further  evidence  that  calves  require  carotene  or  vitamin  A. 
Hart  and  Guilbert  (9)  observed  vitamin  A  deficiency  in  range  cattle  under 
natural  conditions.  Guilbert  and  Hart  (7)  found  that  about  twenty-nine 
micrograms  of  carotene  as  it  exists  in  alfalfa  hay  per  day  per  kilogram  of 
body  weight  prevented  or  cured  vitamin  A  deficiency  in  cattle.  Guilbert, 
Miller,  and  Hughes  (8)  working  with  cattle,  sheep,  and  swine  confirmed  the 
above  findings  and  reported  that  25  to  30  micrograms  of  carotene  daily  per 
kilogram  body  weight,  or  6  to  8  micrograms  daily  of  vitamin  A  was  just 
sufficient  to  prevent  night  blindness.  Kuhlman,  Gallup,  and  Weaver  (11) 
found  a  commercial  preparation  of  carotene  dissolved  in  cottonseed  oil  to  be 
an  effective  source  of  vitamin  A  for  calves.  Soldatenkiv  (15)  stated  that 
feeding  carrots  to  calves  apparently  accelerated  recovery  from  respiratory 
diseases  and  built  up  resistance  to  infection.    « 

In  connection  with  investigations  at  the  Pennsylvania  Experiment  Sta- 
tion (5)  calves  have  been  observed  to  become  blind  and  to  exhibit  other 
symptoms  of  vitamin  A  deficiency  while  receiving  levels  of  carotene  intake 
(from  timothy  hay)  in  excess  of  that  stated  by  Guilbert  and  Hart  (7). 
Further  investigations  were,  therefore,  undertaken  with  the  object  of  secur- 
ing additional  information  regarding  the  carotene  requirements  of  growing 
dairy  cattle  and  to  study  the  utilization  of  carotene  from  different  sources 
of  feedstuffs. 

METHOD  OF  ESTIMATING  Tilt  CAROTENE  CONTENT  OF  FEEDSTUFFS 

For  the  determination  of  carotene  in  the  feedstuffs  the  Struve  modifi- 
cation of  the  Guilbert  method  (6)  was  used.     This  method  differed  from  the 

Received  for  publication  June  28,  1939. 

1  Authorized  for  publication  on  June  23,  1939,  as  paper  No.  911  in  the  Journal  Series 
of  the  Pennsylvania  Agricultural  Experiment  Station.  The  data  presented  in  this  paper 
are  taken  from  a  thesis  submitted  by  Ruel  E.  Ward  to  the  Graduate  School  of  The  Penn- 
sylvania State  College  in  partial  fulfillment  of  requirements  for  the  degree  of  Doctor  of 
Philosophy. 
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Guilbert  procedure  in  that  half  saturated  methyl  alcoholic-potassium  hy- 
droxide was  used  for  the  digestion  and  saponification,  and  also  in  that  abso- 
lute methyl  alcohol  was  added  to  the  ethyl  ether  solution  and  then  the  ether 
evaporated  oil  on  a  water  bath  at  65°  C.  instead  of  evaporated  to  dryness  ni 
vacuo  as  in  the  Guilbert  method.  The  final  petroleum  ether  solution  ot 
carotene  was  compared  to  a  standard  potassium  dichromate  solution. 

In  order  to  check  on  the  accuracy  of  this  method  of  carotene  estimation, 
biological  assavs  were  also  made  on  a  number  of  samples  of  the  hays.  The 
results  indicated  a  satisfactory  agreement  between  the  values  obtained  by 
the  two  methods  of  assay. 

GROWTH  OF  CALVES  RECEIVING  DIFFERENT  LE^'ELS  OF  CAROTENE  INTAKE 

The  object  of  this  phase  of  the  investigation  was  to  compare  the  effect 
of  different  levels  of  carotene  intake  on  the  growth  and  well-being  of  young 
calves  Grade  Holstein  calves  (ten  bulls  and  three  heifers)  were  used  as 
the  experimental  subjects.  Mow-burned  brown  alfalfa  hay  containing  only 
1  3  micro-rams  of  carotene  and  dehydrated  alfalfa  containing  6d  micro- 
grams of  carotene  per  gram  were  used  as  sources  of  carotene.  These  hays 
were  mixed  in  such  proportions  that  mixtures  containing  1.3,  4,  J,  1/,  ana 
65  micrograms  of  carotene  per  gram  were  available  for  the  feeding  tests 

The  calves  were  housed  in  a  modern  barn  which  was  equipped  with  a 
heating  and  ventilating  system.     This  equipment  made  it  possible  to  main- 
tain fairlv  uniform  experimental  conditions  throughout  the  winter  months, 
and  prevented  barn  temperatures  lower  than  28°  F.    During  the  summer 
months  the  calves  were  turned  out  in  a  dry  lot  for  several  hours  each  day. 
A  concentrate  mixture,  made  up  of  feeds  of  low  vitamin  A  content,  but  con- 
taining 11.3  per  cent  digestible  crude  protein  and  69.9  per  cent  total  digesti- 
ble nutrients  was  used.     The  constituents  were  wheat  bran,  "Banner     oat 
feed,  barley,  linseed  oil  meal,  molasses,  salt,  and  irradiated  yeast.    All  calves 
were  fed  whole  milk  during  the  first  three  weeks  on  experiment,  after  which 
skimmilk  was  fed.     The  concentrate  mixture  was  supplied  to  tlie  animals 
according  to  their  appetites.    Water  and  salt  were  supplied  ad  libitum.   The 
hay  was  kept  before  the  calves  at  all  times,  but  the  animals  were  usually 
40  to  50  days  old  before  appreciable  amounts  were  consumed. 

The  carotene  contents  of  the  various  hay  mixtures  fed  as  well  as  gains 
in  bodv  weight  of  the  respective  animals  are  shown  in  figure  1.  While  gam 
in  weight  of  the  animals  was  the  chief  criterion  used  to  determine  adequacy 
of  carotene  intake,  close  observations  were  made  for  other  symptoms  of 
vitamin  A  deficiency.  The  carotene  content  of  the  blood  serum  was  run  at 
two  week  intervals.  The  Palmer  method  as  modified  by  Connor  (2  and 
later  by  White  and  Gordon  (16)  was  used  for  these  blood  carotene  determi- 
nations. 
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In  order  to  conserve  space,  the  data  obtained  in  this  phase  of  the  investi- 
gation have  been  reduced  to  graphic  form  and  are  presented  in  figure  1. 
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Fig.  1.     Growth  of 
carotene   contents. 


calves   while   receiving    equal    quantities    of    hays    of    different 
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Examination  of  the  data  presented  in  figure  1  show  clearly  that  increases 
of  carotene  intake  within  the  limits  of  this  experiment  did  not  result  in 
increased  growth  of  the  calves.     Even  at  levels  of  intake  much  below  the 
reported  minimum  the  growth  continued  normal  for  some  time  and  was  not 
greatly  affected  until  the  avitaminosis  A  reached  an  advanced  stage.     This 
may  suggest  that  decreased  growth  rate  frequently  reported  may  be  caused 
by  intestinal,  respiratory  or  other  disturbances  which  so  frequently  accom- 
pany vitamin  A  deficiency.    The  average  growth  rate  of  two  calves  (Calves 
448  and  450)  which  received  the  hay  containing  65  micrograms  of  carotene 
per  gram  was  no  greater  than  the  growth  rate  of  calves  (Calves  445  and 
453)  which  received  the  hay  containing  only  1.3  micrograms,  although  this 
latter  hay  supplied  only  4  to  8  micrograms  of  carotene  per  pound  body 
weight  per  day.     Several  of  the  calves  that  received  the  carotene  poor  hay 
exhibited  other  symptoms  of  vitamin  A  deficiency.     Distinct  papillitis  was 
observed  in  the  eyes  of  calves  445  and  453  when  they  were  several  months 
of  age.     Calf  453  developed  night  blindness  when  approximately  six  months 
of  age  and  calf  445  manifested  several  of  the  spasms  which  occasionally 
accompany  vitamin  A  deficiency.     Calf  452  was  given  from  0.6  to  0.8  gram 
of  fortified  cod  liver  oil  daily  and  calf  451  was  given  from  0.6  to  0.8  gram 
of  a  carotene  supplement  for  several  months  after  they  were  placed  on 
experiment.     These  supplements  raised  the  vitamin  A  intake  of  the  two 
calves  to  an  equivalent  of  10  to  12  micrograms  of  carotene  per  pound  body 
weight  per  day.    When  these  supplements  were  discontinued,  calf  452  be- 
came permanently  blind  in  about  eleven  weeks  and  calf  451  developed  a 
severe  nervous  disorder.     The  administration  of  the  carotene  concentrate 
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at  this  time  was  not  effective  in  promoting  any  noticeable  improvement  in 
the  condition  of  calf  451  while  calf  452  did  show  a  slight  improvement  m 

general  condition.  ,    ,         ^p.  n 

With  the  exception  of  calf  435  which  did  not  consume  much  1  ay  (0.6 
pound  per  100  pounds  body  weight  per  day),  the  hay  with  only  4  micro- 
Jra's  of  carotene  per  gram  was  Just  as  satisfactory  as  hays  of  htgher  caro- 
Le  content  in  preventing  vitamin  A  deficiency  and  m  promoting  growth 
For  hese  calves  this  hay  supplied  approximately  twenty  micrograms  of 
carotene  per  pound  live  weight  per  day.  No  immediate  benefit  was  observed 
as  the  result  of  feeding  hays  of  higher  carotene  content. 

Calves  445,  453,  451,  and  452,  that  received  the  hay  <^-t---; -^^^^^^^ 
micro<rrams  of  carotene  per  gram,  always  maintained  less  than  01  milhgiam 
Tcar^otene  per  100  cc.  of  blood  serum.    When  cah-es  4ol  and  452  received 
their  respective  vitamin  A  supplements,  the  blood  serum  contamed  .01  to 
JlTmTligram  carotene  per  100  cc.  serum.     Calves  443  and  446  had  blood 
selunTvahies  ranging  from  .01  to  .02  milligram  -^-J^J   Xried'h^ -s 
4  micrograms  of  carotene  per  gram.     In  the  case  -\''''''fl^^^,^^^ 
with  higher  carotene  content,  the  minimum  blood  value  was   02  """'g^a™ 
Tr  100  cc   of  serum.     It  is  of  interest  to  note  that  the  blood  serum  value 
of  calf  435  dropped  to  approximately  .0025  milligram  per  100  cc     When 
hay  clta  nfuglT  microgmms  per  gram  was  fed,  the  blood  carotene  rose 
very  rapidly  to  a  level  of  .03  milligram  per  100  cc.  of  serum.     The  blood 
lerum  of  aU  calves  usually  dropped  appreciably  for  the  first  few  weeks  after 
Srth     After  this  period  there  was  a  general  increase  in  blood  serum  caro- 
tene as  the  age  advanced  even  at  minimum  levels  of  carotene  feeding. 

AVAILABILITY  OF  CAROTENE  FROM  DIFFERENT  SOURCES 

This  phase  of  the  investigation  was  designed  with  the  view  of  determin- 
ing the  btlogical  value  of  carotene  from  different  plant  --ces.    In  th^e 
studies   twelve  Holstein  and  seven  Guernsey  calves  were  used  as  experi 
men  I  'sulj  cts     These  animals  were  so  distributed  in  the  different  experi- 
mental groips  as  to  permit  a  comparison  of  the  carotene  requirements  of  the 

%'he  Concentrate  mixture  used  was  identical  with  that  e-P^ed  in  the 
previous  experiment.     All  but  three  of  the  calves  received  whole  milk  dui 
C  the  first  few  weeks  of  the  experiment,  after  which  they  received  skim- 
mUkunfn  approximately  five  months  of  age.    Three  calves,  two  Ho^te- 
A      Ir^JvLov  were  changed  to  skimmilk  within  a  few  days  after  birth, 
iwo"  these  were^Tpplit^^^    a  commercial  carotene  supplement  and  one 
iTf  was  suppTed  wir^^^^         cod  liver  oil.    The  following  feedstuffs  wei^ 
used  as  source   of  carotene :  alfalfa  hay,  timothy  hay,  alfalfa  molasses  sil  g  . 
CO  n  SaTyellow  corn  meal,  and  carotene  concentrate  (carotene  m  cotton- 
eed  oi^)      I  fortified  cod  liver  oil  was  also  fed  as  a  source  of  vitamin  A. 
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Where  the  amount  of  hay  fed  was  limited  or  where  no  hay  was  fed  addi- 
tional roughage  was  supplied  to  the  calves  in  the  form  of  beet  pulp  or  wheat 
straw.  An  attempt  was  made  to  keep  the  calves  growing  and  in  the  best 
possible  state  of  health.  All  animals  were  weighed  at  weekly  intervals  and 
these  weights  were  used  in  calculating  the  carotene  and  the  food  require- 
ments of  the  respective  animals  for  the  succeeding  week. 

In  these  studies,  changes  in  the  fundus  of  the  eye  were  used  as  a  criterion 
of  vitamin  A  deficiency.     These  changes  were  observed  by  means  of  an  oph- 
thalmoscope used  according  to  the  procedure  reported  by  Moore  (13,  14). 
Following  a  period  in  which  the  calves  received  a  sub-minimal  vitamin  A 
intake,  papillitis  as  well  as  other  changes  in  the  eyes  appeared.     These 
changes  could  be  readily  detected  as  they  appeared  but  some  difficulty  was 
experienced  in  determining  just  when  the  calf  was  again  receiving  sufficient 
vitamin  A.     It  had  been  observed  in  earlier  work  at  this  station  (5)  that 
the  pupil  of  the  calf's  eye  became  dilated  and  lost  its  ability  to  contract  on 
exposure  to  a  bright  light  when  the  animal  had  been  receiving  a  vitamin  A 
deficient  diet.     When  sufficient  carotene  or  vitamin  A  was  supplied  to  such 
calves,  the  pupil  usually  recovered  its  ability  to  contract.     Therefore,  in 
these  studies,  the  dilation  of  the  pupil  was  also  used  as  a  measure  of  vita- 
min A  deficiency.     In  addition,  the  appearance  of  night  blindness,  digestive 
disturbances,  respiratory  disturbances,  and  the  carotene  of  the  blood  were 
considered  in  evaluating  results. 

The  calves  were  supplied  carotene  from  one  of  the  above  mentioned 
sources  at  a  definite  level  for  several  weeks.  If  no  deficiency  was  noted  the 
level  of  carotene  intake  was  lowered  progressively  until  a  deficiency  was 
observed.  The  level  of  carotene  intake  was  then  raised  progressively  until 
the  deficiency  symptoms  disappeared. 

RESULTS 

The  data  obtained  concerning  the  requirement  of  individual  calves  for 
carotene  from  the  different  sources  have  been  summarized  and  are  presented 

TABLE  1 

Level  of  carotene  intake  above  which  no  symptoms  of  vitamin  A 

deficiency  were  observed 


Feedstuff 


Micrograms  per  pound  body  weight  daily 


Timothy  hay  

Alfalfa  hay   

Alfalfa  molasses  silage  

Corn  silage  

Carotene  concentrate  

Yellow  corn  meal  

Fortified  cod  liver  oil*    (vitamin  A) 
Fortified  cod  liver  oil  plus  hay*  


Holstein 

19 
14 
38 

17 
11 

18 
13 
23 


Guernsey 


21 
15 


13 


13 
19 


*  Calculated  by  assuming  one  U.S.P.  unit  equal  to  0.6  gamma  of  carotene. 
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in  table  1.  The  data  are  expressed  as  the  number  of  micrograms  of  caro- 
tene per  pound  body  weight  per  day  required  to  cure  or  to  prevent  vitamin 
A  deficiency.  The  micrograms  of  vitamin  A  from  fortified  cod  liver  oil  are 
calculated  from  the  manufacturers  guaranteed  minimum  by  assuming  that 
one  U.S.P.  unit  is  equal  to  0.6  gamma  of  carotene. 

In  table  2  the  amounts  of  carotene  in  the  blood  serum  of  the  above  calves 
while  receiving  the  various  carotene  intakes  are  presented. 

TABLE  2 
Blood  serum  carotene  in  relation  to  carotene  iiitalce 


Daily  carotene  intake 


*** 


Source   of   carotene 

Timothy  hay  

Alfalfa  hay  

Alfalfa  molasses  silage  

Corn    silage    

Carotene  concentrate 

Yellow  corn  meal  

Fortified  cod  liver  oil 

Fortified  cod  liver  oil  plus  hay.. 


Mean  blood  serum  carotene 


** 


5-10 


10-15 


Trace 
Trace 


Trace 


.005 
.006 
.004 
.005 
.009 

.005 
.003 


15-20  i    20-30       30-50       50-400 


.008 
.008 
.014 
.006 

.014 

.01 

.005 


.015 
.015 
.015 

.008 


.03 
.01 


Average  of  all  feeds  Trace    i     .0053  j     .008 


.014 


.03-.22 


.02 


.03-.22 


»» 


Mgms.  per  100  cc.  serum. 
***  Micrograms  per  pound  body  weight. 

In  eight  eases   (four  Holsteins  and  four  Guernseys)   respiratory  and 
intestinal  disturbances  appeared  when  calves  were  receiving  sufficient  caro- 
tene to  prevent  papillitis.    The  four  Holstein  calves  made  a  favorable  re- 
covery when  their  carotene  intakes  were  increased  by  only  a  few  (5-15) 
micrograms  daily.    Two  of  the  Guernsey  calves  also  recovered  completely 
when  given  increased  amounts  of  carotene.     On  the  other  hand  when  the 
remaining  two  Guernsey  calves  were  treated  with  Bismo-Pepsol  compound, 
they  failed  to  recover.    An  autopsy  on  one  of  the  latter  calves  revealed  a 
severe  fibrinous  pleurisy  accompanied  by  a  purulent  exudate  in  the  pleural 
cavity     In  the  more  acute  areas  of  inflammation  numerous  areas  of  emphy- 
sema were  present.    In  the  areas  with  a  pneumonia  of  longer  duration  tliere 
were  many  abscesses.    The  intestines  were  full  of  food  and  did  not  appear 
to  be  inflamed  although  tlie  calf  manifested  a  severe  case  of  diarrhea.    It 
may  be  significant  that  at  about  the  same  time  a  number  of  pure  bred  calves 
in  the  College  herd  developed  a  similar  type  of  intestinal  and  respiratory 
disorder  when  only  a  few  days  of  age.     A  study  of  the  rations  of  the  dams 
of  these  calves  indicated  that  a  deficiency  of  carotene  might  be  responsible. 
Following  these  observations  a  commercial  carotene  concentrate  was  adminis- 
tered to  all  calves  during  the  first  few  weeks  of  their  lives  with  favorable 
results. 


The  carotene  requirements  of  some  of  the  calves  appeared  to  be  slightly 
higher  in  cold  than  in  mild  or  moderate  weather.  In  the  case  of  four  Hol- 
stein calves  and  one  Guernsey  calf  maintained  at  minimum  levels  of  caro- 
tene intake,  it  was  observed  that  these  animals  showed  increased  evidence  of 
vitamin  A  deficiency  following  a  cold  spell  and  that  marked  improvement 
followed  when  the  weather  again  moderated.  More  marked  evidence  of  this 
increased  requirement  might  have  been  observed  had  the  experimental  barn 
not  been  equipped  with  a  heating  and  ventilating  system  which  made  it 
possible  to  maintain  a  temperature  around  50°  F.  during  the  winter.  The 
barn  temperature  never  dropped  below  28°  F.  and  seldom  went  above  60° 
F.  except  in  the  summer  months. 

Observations  made  on  some  of  the  calves  indicated  the  presence  of  a  mild 
vitamin  A  deficiency  between  the  time  when  the  whole  milk  feeding  was  dis- 
continued and  when  appreciable  amounts  of  hay  were  consumed.  One  calf 
was  supplied  with  the  carotene  supplement  and  another  was  supplied  with 
fortified  cod  liver  oil  during  this  period.  These  calves  showed  some  evidence 
of  better  health  during  this  period  than  those  that  received  no  supplement. 
However,  no  permanent  benefit  from  this  supplementation  was  observed  as 
the  calves  receiving  hay  alone  seemed  to  be  in  about  as  good  condition  at 
the  age  of  four  months  as  those  which  had  received  the  supplement. 

DISCUSSION   OF  RESULTS 

The  data  obtained  in  these  studies  reveal  wide  variations  in  the  carotene 
intake  necessary  to  protect  different  animals  against  vitamin  A  deficiency. 
The  requirements  of  some  animals  appear  to  be  much  higher  than  others 
even  when  consuming  similar  rations.    Some  of  the  animals  on  timothy  hay 
were  apparently  protected  by  a  daily  intake  of  14  micrograms  of  carotene 
per  pound  body  weight,  whereas  others  required  10  micrograms.     Similar 
results  were  obtained  with  other  feedstuffs  with  the  exception  that  as  the 
biological  value  of  the  carotene  in  a  feedstuff  increases  the  range  apparently 
becomes  narrower.     Similar  variations  were  also  observed  in  the  amounts 
of  carotene  from  different  carriers  necessary  to  prevent  the  symptoms  of 
vitamin  A  deficiency.    These  results  can  be  better  understood  by  examining 
table  1  which  summarizes  these  data.     Of  the  various  sources  of  vitamin  A 
tested  the  carotene  concentrate  appears  to  be  the  most  efficient  source  as 
levels  of  11  micrograms  of  carotene  protected  all  animals  excepting  one 
Guernsey.     The  fortified  cod  liver  oil  and  the  alfalfa  hay  were  almost  as 
efficient.     With  timothy  hay  as  the  carrier  the  requirements  were  appreci- 
ablv  higher,  an  intake  of  19  micrograms  being  necessary  for  all  the  animals: 
The  carotene  of  corn  silage  and  of  corn  meal  was  utilized  as  efficiently  as 
that  of  timothy  hay.     The  requirement  for  the  carotene  from  alfalfa  mo- 
lasses silage  was  much  higher,  a  level  of  33  micrograms  being  necessary  for 
complete  protection  in  all  animals. 
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In  any  attempt  to  explain  the  above  variations  in  experimental  results, 
several  possibilities  suggest  themselves.  Apparently  there  is  a  wide  vari- 
ation in  the  ability  of  the  animals  to  utilize  the  carotene  from  the  same 
source.  This  being  the  case,  one  would  also  expect  a  wide  variation  in  the 
ability  of  the  animals  to  use  the  carotene  from  different  sources.  A  study  of 
the  blood  carotene  values  and  a  general  study  of  the  problem  indicates  this 
to  be  at  least  part  of  the  explanation.  It  appears  logical  to  assume  that 
some  of  the  substances  in  alfalfa  silage  measured  as  beta  carotene  were  caro- 
tene degradation  fractions  or  other  related  pigments  that  have  no  biological 
value.  The  data  show  that  the  carotene  requirements  from  these  sources 
were  higher  than  from  other  carotene  carriers.  It  is  also  conceivable  that 
part  of  these  pigments  may  have  been  carried  into  the  blood  and  were 
measured  there  as  carotene. 

An  unexpected  result  was  obtained  with  the  fortified  cod  liver  oil,  in 
that  the  requirement  appeared  to  be  lower  when  the  oil  was  fed  with  little 
or  no  roughage  than  when  it  was  fed  with  roughage.    These  results  may  have 
been  caused  by  an  increased  rumination  as  well  as  other  digestive  activity 
following  the  feeding  of  roughage  of  poor  quality.    This  increased  rumina- 
tion may  have  resulted  in  the  destruction  of  part  of  the  vitamin  A  of  the 
cod  liver  oil  before  its  passage  into  the  absorptive  mechanism  of  the  body. 
The  data  on  blood  carotene  (table  2)  indicate  that  when  the  serum  caro- 
tene falls  below  0.01  milligram  per  100  cc.  of  serum  marked  symptoms  of 
vitamin  A  deficiency  are  likely  to  develop  at  an  early  date.    However,  when 
the  serum  carotene  drops  below  this  value  it  is  difificult  to  estimate  carotene 
with  a  satisfactory  degree  of  accuracy.    When  the  value  i^  0.02  milligram  or 
higher,  the  animal  is  usually  receiving  sufficient  carotene  for  normal  growth 
and  well-being.    Results  obtained  in  treating  intestinal  and  respiratory  dis- 
eases indicate  that  the  optimum  requirement  may  be  a  few  micrograms 
greater  than  indicated  by  the  appearance  of  the  eye.     It  also  seems  that  a 
lowered  vitality  due  to  a  vitamin  A  deficiency  may  have  a  bearing  on  the 
susceptibility  of  calves  to  scours  and  pneumonia.     The  results,  however, 
show  that  intakes  more  than  a  few  micrograms  higher  than  indicated  as 
sufficient  by  the  appearance  of  the  eye  are  of  no  further  immediate  use  to 
the  calf  so  far  as  growth  is  concerned.    Higher  intakes  of  carotene,  on  the 
other  hand,  may  result  in  greater  storage  of  vitamin  A  in  the  body  tissues. 
A  comparison  of  the  data  on  the  two  breeds  (table  1)  indicates  that  the 
Guernseys  have  a  slightly  higher  carotene  requirement  than  the  Holsteins, 
but  the  difference  between  the  breeds  is  much  less  than  the  differences  be- 
tween individuals  within  the  breeds.     In  a  few  instances  Holsteins  appear 
to  have  the  higher  requirements,  but  the  reverse  is  more  often  the  case. 
When  a  fortified  cod  liver  oil  was  used  as  the  source  of  vitamin  A,  the  vita- 
min A  requirements  of  the  Guernseys  were  no  higher  than  those  of  the 
Holsteins. 


SUMMARY 

The  data  obtained  in  this  series  of  studies  show  that  the  minimum  caro- 
tene requirement  of  growing  calves  is  eleven  micrograms  per  day  per  pound 
body  weight.  This  level  of  carotene  intake  was  sufficient  to  maintain  growth 
and  to  prevent  the  usual  vitamin  A  deficiency  symptoms.  The  adequacy  of 
this  amount  of  carotene,  however,  depends  upon  the  source  of  supply  of 
carotene.  While  it  appears  desirable  that  the  intake  should  be  considerably 
above  this  amount  it  was  surprising  to  find  that  increases  above  that  level 
did  not  result  in  marked  improvement  in  growth  rate. 

The  order  of  availability  of  carotene  to  calves  from  the  various  sources 
studied  is  as  follows:  1.  Carotene  concentrate,  2.  Alfalfa  hay,  3.  Corn 
silage,  4.  Corn  meal,  5.  Timothy  hay,  and  6.  Alfalfa  molasses  silage. 
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•  TWELVE  YEARS  AGO  (Alumni 
News,  June,  1928)  I  aUempted  to 
enumerate  some  of  the  more  impor- 
tant trends  in  the  development  of 
Agricultural  Biochemistry  at  The 
Pennsylvania  State  College.  Empha- 
sis was  placed  on  the  outstanding 
personalities  of  national  and  inter- 
national renown  who  had  contributed 
in  making  the  department  the  largest 
of  its  kind  in  this  country,  so  far  as 
training  of  agricultural  biochemists 
is  concerned.  I  described  the  influ- 
ence of  such  outstanding  scientists  as 
Dr.  Evan  Pugh.  Dr.  W.  H.  Jordan, 
Dr.  H.  P.  Armsby  and  Dr.  William 
Frear  on  the  development  of  research 
policies  and  I  concluded  with  a  brief 
resume  of  our  own  research  work 
from  1920  to  1928.  The  present  ar- 
ticle, written  at  the  request  of  the 
editor,  will  deal  with  some  of  our 
research  activities  for  the  period 
1928  to  1940.  ' 

While  there  have  been  minor 
changes  in  organization  and  research 
emphasis,  the  general  plan  for  the 
prosecution  of  research  work  remains 
practically  identical  with  that  de- 
scribed in  1928.  Naturally,  there  have 
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been  changes  and  additions  in  per- 
sonnel during  this  period.  Dr.  Han- 
nah E.  Honeywell,  who  had  charge 
of  the  nutrition  laboratory,  resigned 
in  1930  and  was  succeeded  by  Dr.  N. 
B.  Guerrant,  who  is  recognized  as  one 
of  the  outstanding  authorities  in  the 
country  on  questions  involving  vita- 
mins and  their  methods  of  estima- 
tion. Owing  to  his  organization  abil- 
ity, we  have  one  of  the  best  labora- 


tories of  its  kind  in  this  country.  We 
have  been  honored  by  being  appoint- 
ed as  one  of  the  few  referee  labora- 
tories, on  vitamin  assays,  by  the  Fed- 
eral Government  and  by  the  United 
States  Pharmacopoeia. 

Dr.  R.  J.  Miller,  biochemist  in 
poultry  nutrition,  resigned  in  1929 
and  was  succeeded  by  Dr.  J.  E.  Hun- 
ter." whose  cooperative  work  with 
Professor  Knandel  acquired  interna- 


MARCn,  19A0 

came  to  us  from  the  American  Can 
Company,  where  he  had  served  as 
nutrition  consultant  on  foods  and 
food  processing  problems. 

Professor  Edward  S.  Erb,  who  had 
charge  of  our  Analytical  Service  Di- 
vision for  many  years,  died  in  Feb- 
ruary, 1937.  He  was  succeeded  by 
Mr.  Arthur  L.  Haskins  ('28),  whose 
experience  in  industrial  laboratories 
has  made  him  a  real  asset  in  develop- 
ing our  policy  of  cooperative  re- 
search. Mr.  Haskins  has  also  been 
appointed  Referee  on  Analytical 
Methods  by  the  Association  of  Offi- 
cial Agricultural  Chemists. 

Dr.  Walter  Thomas,  research  work- 
er in  plant  biochemistry,  has  been 
transferred  to  the  Department  of 
Horticulture  where  he  is  prosecuting 
studies  in  plant  physiology  in  coop- 
eration with  Dr.  Warren  B.  Mack. 

Dr.  Russell  C.  Miller  and  Dr.  Don- 
ald E.  H.  Frear  are  new  additions  to 
the  staff.  Dr.  Miller  is  employed  to 
conduct  cooperative  research  with 
the     Department     of     Animal     Hus- 


sults  of  practical  as  well  as  of  scien- 
tific value. 

Industrial  Fellowships 
During  the  past  ten  years  there  has 
been  a  marked  increase  in  the  estab- 
lishment of  subsidized  research  by 
various  types  of  industrial  organiza- 
tions. Some  of  these  are  in  the  form 
of  grants  to  assist  professors  in  ini- 
tiating new  research  or  to  help  fi- 
nance fundamental  or  practical  re- 
search already  in  progress.  Most  of 
these,  however,  are  in  the  form  of 
research  fellowships  in  which  the 
college  takes  complete  responsibility 
for  appointment  of  research  fellows, 
planning  and  prosecuting  research, 
etc.  Contracts  which  are  drawn  by 
the  college  specify  conditions  under 
which  the  work  is  to  be  done  and 
how  research  data  must  be  published. 
Most  of  the  fellowships  are  designed 
so  that  the  research  fellow  works  half 
time  on  research  and  half  time  in 
graduate  work  for  the  doctorate.  The 
following  fellowships  are  now  active 
in  the  department: 


Dr.  Knight  and  Dr.  Bechdel  removing  samples  from  the  cow's  storag'. 

stomach  for  assay  of  vitamin  "C". 


tional  recognition.  Dr.  Hunter  re- 
signed in  1937  to  accept  a  position  as 
Director  of  the  Nutrition  Research 
Laboratories  of  Allied  Mills,  Inc.  He 
was  succeeded  by  Dr.  R.  V.  Boucher, 
in  whose  capable  hands  the  work  is 
progressing  rapidly.  Dr.  Boucher 
held  a  National  Research  Council 
Fellowship   at   Yale   University 


an 


Dr.  Haley  contemplates,  with  evident  satisfaction, 
a  new  smoking  machine  for  tobacco  studies. 


Dr.  Guerrant  studying  effect  of  exercise  on  vitamin  requirement.  Exercise 

caf:es  in  left  background. 


bandrv  and  this  work,  which  will  be 
mentioned  later,  has  already  attract- 
ed considerable  attention.  Dr.  Frear 
devotes  part  of  his  time  to  coopera- 
tive work  on  horticultural  problems 
with  Dr.  Anthony  and  his  projects 
on  insecticides,  in  cooperation  with 
Horticulture,  Plant  Pathology  (Dr. 
Thurston)  and  Economic  Entomolo- 
gy   (Dr.  Worthley)   are  yielding  re- 

Dr.  Miller  examining  wool 
fibers  by  micro-projection. 


'•  '^mitJ',  Kline  and  French  Research 

I  (Uowship. 

i  liis  is  a  post-doctorate  fellowship 
v^ili(ll  i..  held  by  Dr.  William  Gor- 
(lon.  former  National  Research  Coun- 
cil I  (^llow  at  Yale  University  and  re- 
cently a  member  of  the  Biochemistry 
stair  at  Stanford  University.  Dr.  Gor- 
don's  present  work  is  a  fundamental 
study  of  the  proteins  of  milk  whey, 
a  by-product  of  the  dairy  industry 
which  is  often  thrown  away  or  fed 
to  domestic  livestock. 

2.  American  Potash  Institute  Fellow- 
ships. 

These  fellowships  are  under  the  di- 
rection of  Dr.  D.  E.  Haley.  Mr.  Sey- 
mour S.  Block  and  Mr.  J.  Clyde  Un- 
derwood hold  fellowships  under  this 
grant  and  both  of  these  young  men 
are  working  for  advanced  degrees. 
The  principal  objective  of  this  work 
is  to  study  the  influence  of  potassium 
on  all  factors  affecting  quality  of 
cigarleaf  tobacco. 

3.  Reilly  Tar  and  Chemical  Company 
Fellowship. 

This  fellowship  is  held  by  Mr.  Her- 
man L.  King  of  Michigan  State  Col- 
lege, who  is  working  for  an  advanced 
degree  under  Dr.  Haley.  Dr.  Haley 
and  Mr.  King  are  assisted  in  this 
work  hy  Dr.  D.  E.  H.  Frear  and  Dr. 
H.  N.  Worthley.  The  object  of  this 
fellowship  is  to  find  new  fractions 
from  tar  distillates  which  possess  su- 
perior insecticidal  value  but  wliidi 
will  have  no  harmful  effect  on  plants. 

4.  Commercial  Molasses  Corporafinn 
Fellowship. 

This  fellowship  is  held  by  Mr.  \\  n\- 
ther  II.   Ott   from    the   Oregor)   SliH' 
Collcf!!'.  who  works  under  the  dire. 
tion   ..)   Dr.  R.  V.   Boucher.  Tlii.   f.-i 
low  ship  has  as  its  object  a  sliid        : 
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i 


hi 
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the  ll^e  ol  '("iiiViei'  JM-  ■-  '>lii^ses  as  an 
insredifiii  nj'  poull* '  !0'<i^  with  spe- 
cial rofrnnce  to  \'u>-  i;;  p  rtance  of 
the  vitamin  a^rl  ?nr  i  (  '  ontent  of 
molasses.  Or.  WoivA^'  '^o  assists  in 
the  direction  of  in^lu  tiin^  research 
fellowships  which  l..i\e  I  en  estab- 
lished in  the  Depa  '  lent  <-£  Poultry 
Husbandry. 

¥ 

5.  Castanea  Paper  Cu-.majy  Fellow- 

ship. 

This  fellowship  1^  held  by  Mr. 
Ralph  V.  Hurlhurt  of  Monlana,  who 
works  under  the  direction  of  Dr. 
Haley.  The  fellowship  was  established 
to  find,  if  possible,  industrial  uses  for 
waste  sulfite  liquor  which  has  become 
a  stream  pollution  problem.  Excellent 
progress  is  being  made  on  this  proj- 
ect and  it  would  appear  that  sulfite 
liquor  residues  may  be  used  eventu- 
ally in  the  manufacture  of  plastics 
and  of  bases  for  cheap  agricultural 
fertilizers. 

Agricultural  Experiment  Station 

Projects 

Space  will  not  permit  more  than  a 
brief  statement  regarding  the  regular 
research  program  of  the  department. 
An  entire  article  could  be  devoted  to 
the  work  of  Dr.  Haley  and  Dr.  Reid 
(  Division  of  Bacteriology  I  on  factors 
affecting  tobacco  quality.  With  ferti- 
lizer experiments  in  Lancaster  Coun- 
ty, bacteriological  and  chemical  stud- 
ies in  our  laboratories,  with  fermen- 
tation chambers  and  smoking  ma- 
chines,— these  professors  and  their 
students  are  making  The  Pennsylva- 
nia State  College  known  throughout 
the  world  as  a  tobacco  research  cen- 
ter. Requests  for  their  publications 
come  from  all  corners  of  the  world. 

Our  activities  in  vitamin  research 
have  been  varied.  Cooj)erative  re- 
searches with  Doctors  Bechdel  and 
Dahle  of  the  Dairy  Hll^i>andry  De- 
partment continue  to  be  |)leasant  and 
profitable.  We  have  help.  .1  Dr.  Dahle 
answer  the  question  "Vv  liat  happens 
to  vitamin  A  in  Chedda;  cheese  dur- 
ing the  ripening  or  curinu  process?" 
We  have  found  that  thr  slight  de- 
struction of  this  vitan  in  during 
ripening  is  offset  by  moisture  losses, 
which  gives  the  consumer  just  as 
many  vitamin  A  units  per  pound  of 
market  cheese  as  is  contained  in  a 
pound  of  unripened  or  uncured 
cheese. 

Mr.  Claude  A.  Knight,  from  Alma 
College,  Michigan,   is   now   studying 


the  factors  affecting  the  absorption, 
metabolism  and  excretion  of  vitamin 
C  (ascorbic  acid)  by  the  dairy  cow. 
This  work  is  in  cooperation  with  Dr. 
S.  I.  Bechdel  and  Dr.  J.  F.  Shigley. 
Dr.  Shigley  has  just  produced  an- 
other permanent  fistula  for  us.  This 
gives  us  another  cow  "with  a  win- 
dow^ in  her  stomach." 

Under  Dr.   Guerrant's  direction   a 
number    of    post    graduate    students 
have    been    studying    the     effect    of 
physical  activity  on  vitamin  require- 
ment and  the  effect  of  vitamin  intake 
on    physiological  well-being  and   de- 
sire to  exercise.  In  these  studies  cer- 
tain rats  are  not  permitted  to  exer- 
cise at  all.  Others  are  allowed  to  run 
in    revolving   cages   to    their   heart's 
content.    These    cages    automatically 
record    the  distance   traveled.    Other 
less  fortunate  rats  are  placed   in  re- 
volving   cages    attached    to    electric 
motors.  These  rats  must  travel  a  cer- 
tain  distance   every    day,    regardless 
of    their   desires.    Dr.    Guerrant   has 
proved,    what   every    back-yard    gar- 
dener knows,  that  exercise  affects  in- 
testinal motility.  As  a   rule,  fat  rats 
which  have  not  exercised  show  vita- 
min  A  deficiency   symptoms    earlier 
than  exercised   rats   and   the   former 
have    a   higher   vitamin   requirement 
than    the    latter.    In    our   studies    of 
vitamin   Bj,  the  reverse  is  the  case, 
indicating  that  increased  physical  ac- 
tivity calls  for  increased  supplies  of 
vitamin  B^.  In  the  first  case  exercise 
lowered  vitamin  A  requirement  while 
vitamin   B^,    which    is  necessary  for 
certain   types   of  tissue  oxidation,   is 
needed    in    larger    amounts    during 
physical   activity.  We   have    also   as- 
sisted   Dr.    Bechdel   in   his   work   on 
the  vitamin  A  and  D  requirements  of 
dairy    cattle.   Lack  of   space    forbids 
further  discussion  of  other  small  ani- 
mal   projects,    of    which    there    are 
many. 

In  poultry  nutrition,  Dr.  Boucher 
is  also  prosecuting  vitamin  studies. 
Doctors  Hunter,  Murphy  and  Knan- 
del  had  established  what  are  now 
recognized  as  the  accepted  vitamin 
D  requirements  of  growing  chicks 
and  laying  hens.  Dr.  Boucher,  in  co- 
operation with  the  Department  of 
Poultry  Husbandry,  is  busy  establish- 
ing the  vitamin  D  requirement  for 
turkevs.  He  finds  t'lat  riboflavin,  a 
new  member  of  the  old  vitamin  B 
complex  has  a  marked  influence  on 
early  growth  rate  and  hatchability  of 
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eggs.  This  work  is  being  conducted 
with  chickens  and  turkeys.  Dr. 
Boucher  has  also  assisted  Professor 
E.  W.  Callenbach  in  the  game  bird 
project  in  which  a  study  has  been 
made  of  the  calcium,  phosphorus  and 
protein  requirements  of  ring  neck 
pheasants.  This  project  has  as  its  ob- 
jective the  development  of  a  suitable 
ration  for  the  propagation  of  ring 
neck  pheasants  in  captivity. 

Dr.  H.   0.   Triebold    and  his   stu- 
dents are  studying  the  organic  struc- 
ture  of  food  fats   in   relation  to   fat 
spoilage,  rancidity  and  keeping  qual- 
ity of  fats  and  fat  containing  foods. 
These   workers  are  not  only  tearing 
the  natural  fats  to  pieces  to  see  what 
makes  them  "click"  but  they  are  syn- 
thesizing artificial  fats  from  pure  fat- 
ty acids  and  glycerol.  When  Dr.  Trie- 
bold    is    not    teaching,   directing    fat 
research  or  doing  committee  work, — 
he  is  helping  the  Forestry  Department 
try  to  find  out  how  the  maple  tree 
manages  to  make  such   an   exquisite 
concoction    of   carbohydrates    which 
we  insist  must  accompany  our  wheat 
cakes  and  sausages.  Among  other  ac- 
tivities. Dr.  Triebold  and  his  students 
are  studying  sources  of  lead  contami- 
nation of  maple  syrup  and  the  chem- 
ical  composition    of   natural   browse 
consumed   by   wild    deer.    The  latter 
work  is  in  connection   with  the  col- 
lege program  in  wild  life  research. 

Dr.  R.  C.  Miller  spends  his  research 
time     cooperating     with     Professors 
Bentley,  Keith,  Ziegler  and  McCarty 
of  the    Department  of  Animal    Hus- 
bandry. These  researchers,  following 
Dr.  Triebold's  lead,   are  also  trying 
to  make  winter  breakfasts    more  at- 
tractive   by     producing    better    and 
cheaper  hams  and  bacon.  To  this  end 
Dr.  Miller   is  conducting  studies  on 
the    nutritive    requirements    of    live- 
stock in  general,  as  well  as  problems 
involving    meat    preservation.    Farm 
curing  of  hams  and  bacons  has  been 
taken  out  of  the  realm  of  uncertainty 
through  the  researches  of  Professors 
Miller  and  Ziegler.  When   time  per- 
mits. Dr.  Miller  may  be  found,  with 
our  authority  on  sheep,  Dr.  William 
Henning,  gazing  through  microscopes 
at  wool  fibres.  This  project,  on  the 
improvement  of  wool  quality,  is  com- 
paratively new.  Another  new  project, 
which  has  been  under  way  by  Doc- 
tors Miller  and  Keith,  has  as  its  ob- 
jective the  carotene  requirements  of 
swine. 
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Dr.  D.  E.  H.  F'rear,  in  cooperation 
with  Dr.  H.  N.  Worthley  of  Economic 
Zoology,  applies  physical-chemical 
laws  to  complex  colloidal  mixtures  of 
insecticides  in  order  to  make  arsenic 
and  lead  adhere  to  leaves  in  lethal 
amounts  for  insect  control.  When  this 
has  been  accomplished  these  research- 
ers are  forced  to  find  ways  and 
means  to  place  fruits  and  vegetables 
on  the  market  sufficiently  free  of  ar- 
senic and  lead  to  pass  the  State  and 
Government  tolerance  requirements 
for  these  poisons.  These  workers  are 
also  searching  for  new  insecticides 
to  replace  those  which  now  contain 
arsenic  and  lead.  In  cooperation  with 
Dr.  H.  W.  Thurston,  Jr.,  Dr.  Frear 


is  working  on  similar  studies  on  cop- 
per fungicides,  including  laboratory 
investigations  on  new  copper  con- 
taining materials.  With  Dr.  Anthony, 
in  Horticulture,  work  is  also  being 
conducted  on  the  nutrition  of  apple 
trees  under  controlled  conditions. 

These  are  a  few  of  the  research  ac- 
tivities of  the  Department  of  Agricul- 
tural   Biochemistry.    When    the    new 
building,  Frear  Laboratories,  is  ready 
for    occupancy, — we    will    have    re- 
search facilities  which  will  make  pos- 
sible new  methods   of  attack   on  old 
problems  and   the   initiation   of  new 
research    projects    for    which    appa- 
ratus and  equipment  have  not   been 
available  in  the  past. 


Student  Conference 

In   .1   new   effort   to   create   a    jm? 
maiKi!!  organization  of  studeni   <i.o\- 
erniii'-    bodies    in    Pennsylvania    r.)l 
leges  <(  id  universities,  the  Peim  State 
studcnl  ij:(»vernment  sponsored  a  con- 
ference 01  the  campus  on   March    1. 
2   and     >.   Invitations  were  extended 
to    23      cileges.    and   representatives 
of    17   colleges   attended  the   confer- 
ence.   The   delegates    numbered    ap- 
proximately 45. 

The  program  included  two  lunch- 
eon and  two  dinner  meetings,  to- 
gether with  sectional  conferences. 
President  Hetzel  spoke  at  the  ban- 
quet and  gave  his  emphatic  support 
(Continued  on  page  6) 
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The  Varsity  Quartet 

! 
•  The  Penn  State  Glee  Club,  holders 
of  the  Eastern  Intercollegiate  Cham- 
pionship, will  make  its  annual  spring 
tour  during  the  week  of  April  8.  The 
first  concert  will  be  held  in  Lancaster 
on  Monday  evening,  April  8,  at  the 
McCaskey  High, School.  .  . 

On  Tuesday  evening,  April  9,  the 
club  will  give  a  concert  in  Wilming- 
ton, Del.,  while  on  Wednesday  eve- 
ning, April  10,  they  will  make  their 
appearance  in  Philadelphia. 

Thursday,  April  11,  the  club  will 
appear  in  New  York  City.  Fred  War- 
ing has  invited  the  Penn  State  Club 
to  broadcast  on  the  Chesterfield  Hour 
over  Station  WEAF  at  7:00  o'clock 
in  a  joint  concert  with  the  Waring 
Glee  Club.  This  is  the  first  time  Fred 
Waring  has  extended  an  invitation 
of  this  nature  to  a  college  or  univer- 
sity glee  club  and  it  is  hm  eived  as  a 
distinct  honor.  I 

Following   the   broadcast   the  club 

will   give  a  concert  und-  r  the  spon 

sorship   of    the    Penn    St 

Club   of  New  York   Cit> 

expected  that  the  Warin 

will    join    with    Penn    Si.ite    in    this 

concert.  At  11:00  o'clock  Penn  State 

will    participate    in    the    West   Coast 

broadcast.  These  broadcit&is  will  be 

from  the  Vanderbilt  Thcatie  at  48th 

Street,  and  Penn  State  alumni  in  New 

York  are  cordially  invited  to  attend. 

And  alumni  all  over  the  country  are 

urged  to  tune  in  on  Penn  State.  Ed. 

Lee,  Fred  Waring's  manager,  is  also 

an  alumnus  of  Penn  State. 


e  Alumni 
It  is  also 
Glee  Club 
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While  on  the  tour,  the  Penn  State 
Glee  Club  will  feature  a  group  of 
Fred  Waring's  glee  club  composi- 
tions. In  addition  there  will  be  spe- 
cial numbers  by  the  Varsity  Quartet. 
Sammy  Gallu,  president  of  the  club, 
will  sing  a  number  of  solos,  and  An- 
drew Szejely,  talented  pianist  from 
Budapest  and  a  member  of  the  fresh- 
man class,  will  give  several  piano 
solos. 

It  will  be  a  great  week  and  the 
Glee  Club  is  looking  forward  to  it 
with  keen  anticipation.  For  further 
details  concerning  the  scheduled 
concerts,  alumni  should  get  in  touch 
with  the  officers  of  the  respective 
alumni  clubs. 

In  Lancaster — call  or  write  Arthur 
Boardman,  544  W.  Orange  St. 

In  Wilmington,  Del.— H.  L.  Moat, 
701  W.  28th  St. 

In  Philadelphia— W.  D.  Fixter, 
236  Rockglen  Rd.,  Penn  Wynne. 

In  New  York  City— G.  L.  McGin- 
ness,  34-28  209th  St.,  Bay  side,  L.  I. 
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Student  Conierence 

{Continued  from  page  5) 
to    student    government    as   a    useful 
aid  to   a  college  president  and   as  a 
very    important    educational    process 
in  training  for  democracy. 

It  was  agreed  to  hold  the  conven- 
tion at  Penn  State  next  year,  with 
Penn  State  heading  the  newly-formed 
association.  Lafayette  College  gained 
the  vice-presidency  and  Muhlenberg 
College  was  selected  as  secretary- 
treasurer.  All  offices  were  awarded  to 
the  colleges  rather  than  to  individu- 
als, with  each  college  required  to 
name  the  person  to  fill  the  office  for 
a  one-year  term. 

Chairman  of  the  Committee  on 
Arrangements  was  David  E.  Pergrin 
'40,  president  of  the  senior  class. 

Robert  Hall  Craig  '14  has  been 
employed  as  Consulting  Engineer  by 
the  Borough  of  State  College  to 
make  an  exhaustive  study  of  sources 
of  an  adequate  water  supply  for  the 
State  College  community. 
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Soybean  Oilmeal  for  Growing  Lambs* 

T.  B.  Keith,  R.  C.  Miller,  and  W.  L.  HENNiNcf 

SOYBEAN  oilmeal  is  an  economical  source  of  protein  of  good 
quality  for  livestock  feeding.  During  recent  years  the  pro- 
duction of  soybean  oilmeal  has  increased  many  times  thereby 
making  available  a  large  quantity  of  this  vegetable  protein.  " 
The  object  of  the  six  experiments  reported  in  this  bulletin  was 
to  determine  the  optimum  percentage  of  soybean  oilmeal  that 
can  be  used  for  growing  lambs  as  a  source  of  protein  in  a  concen- 
trate mixture  in  combination  with  different  proportions  of  hay. 
The  outhne  of  the  experiments  is  shown  in  table  1. 

I^^^  }'~7^'^  outline  of  six  experiments  in  determining  the  optimum 
amount  of  soybean  oilmeal  for  feeding  growing  lambs.  «>P"n>um 


Experi- 
ment 

Number 


1 
2 
3 
4 
5 
6 


Kind  of  Hay 


Rations    Compared,    in    Pairs 


Concentrate  Mixture* 


Average 

Ratio,        Number 
Concentrate        of 

TO  Hay        Lambs 


Red  clover 
Red  clover 

Timothy-clover 
Timothy-clover 

Timothy-clover 
Timothy-clover 

Red    clover 
Red  clover 

Red  clover 
Red  clover 

Red  clover 
Red  clover 


parts 

parts 

Corn 

94^ 

S.B.O.M.t 

5 

1:1.3 

12 

Corn 

99  J 

1:1.3 

12 

Corn 

94 

S.B.O.M. 

5 

1:1.3 

11 

Corn 

99 

1:1.3 

11 

Corn 

94 

S.B.OM. 

5 

1:1.3 

15 

Corn 

89 

S.B.O.M. 

10 

1:1.3 

15 

Corn 

64 

S.B.O.M. 

35 

3:2 

8 

Corn 

89 

S.B.O.M. 

10 

3:2 

8 

Corn 

64 

S.B.O.M. 

35 

1:1 

11 

Corn 

89 

S.B.O.M. 

10 

1:1 

11 

Corn 

64 

S.B.O.M. 

35 

2:3 

9 

Corn 

89 

S.B.O.M. 

10 

2:3 

9 

in  IxpertmenU2.^^%''n^^^    ^  contam  a^  part  common  salt  (sodium  chloride):  those 
s?onP?  /n^tJJAcf     ^  ^  contain  i  part  sodium  chloride  and  h  part  finely  ground  lime- 
?S  R  n^^-^°^^  in  experiments  4.  5.  and  6  contain  1  part  sodium  chloride 
tS.B.O.M  is  an  abbreviation  for  soybean  oilmeal.  ^xiiunue. 

1.  A  ration  composed  of  red  clover  hay,  and  a  concentrate  mixture 
ot  coarsely  ground  yellow  corn  94^  parts,  soybean  oilmeal  5  parts,  and 
common  salt  (sodium  chloride)  V2  part,  was  compared  in  experiment  1 
witn  a  ration  composed  of  red  clover  hay  and  a  concentrate  mixture  of 
coarsely  ground  yellow  corn  99^  parts  and  common  salt  h  part.  The 
ratio  ot  concentrate  to  hay  in  these  feed  mixtures  was  constant  between 
ine  members  of  each  pair  but  varied  among  the  pairs.  The  ratio  of  con- 
centrate to  hay  among  the  pairs  ranged  from  1:1.2  to  1:1.8. 

2.  A  ration  composed  of  mixed  timothy-clover  hay  and  a  concentrate 
r^r^!!!^^  coarsely  ground  yellow  corn  94  parts,  soybean  oilmeal  5  parts, 
conwKm  salt  V2  part,  and  finely  ground  limestone  I  part,  was  compared 

*Authorized  for  publication  March  30.  1940. 
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in  experiment  2  with  a  ration  composed  of  mixed  timothy -clover  hay 
and  a  concentrate  mixture  of  coarsely  ground  yellow  corn  99  parts  com- 
mon salt  h  part,  and  finely  ground  limestone  V2  part.  The  ratio  of  con- 
centrate to  hay  in  these  two  feed  mixtures  was  constant  for  the  members 
of  each  pair  but  varied  among  the  pairs  in  the  experiment  The  ratio 
of  concentrate  to  hay  among  the  pairs  ranged  from  1:1  to  1:1.9. 

3  A  ration  composed  of  mixed  timothy-clover  hay  and  a  concentrate 
mixture  of  coarsely  ground  yellow  corn  94  parts,  soybean  oilmeal  5  parts, 
common  salt  V2  part,  and  finely  ground  limestone  V2  part,  was  compared  in 
experiment  3  with  a  ration  composed  of  mixed  timothy-clover  hay  and  a 
concentrate  mixture  of  corn  89  parts,  soybean  oilmeal  10  parts,  common 
salt  1/2  part,  and  finely  ground  limestone  V2  part.  The  ratio  of  concentrate 
to  hay  in  these  two  mixtures  was  constant  between  the  members  of  each 
pair,  but  varied  among  the  pairs.  The  ratio  of  concentrate  to  hay  among  the 
pairs  ranged  from  1:1  to  1:1.8.  •   4.„^«  ,.^^ 

4  A  ration  composed  of  red  clover  hay  and  a  concentrate  mixture  of 
coarsely  ground  yellow  corn  64  parts,  soybean  oilmeal  35  parts,  ana 
common  salt  1  part,  was  compared  in  experiment  4  with  a  ration  com- 
posed of  red  clover  hay  and  a  concentrate  mixture  of  coarsely  ground 
yellow  corn  89  parts,  soybean  oilmeal  10  parts,  and  common  salt  1  part. 
The  ratio  of  3  parts  concentrate  to  2  parts  hay  in  these  2  feed  mixtures  was 
constant  for  all  individuals  of  the  experiment. 

5  A  ration  composed  of  red  clover  hay  and  a  concentrate  mixture  ot 
coarsely  ground  yellow  corn  64  parts,  soybean  oilmeal  35  parts,  and 
common  salt  1  part,  was  compared  in  experiment  5  with  a  ration  com- 
posed of  red  clover  hay  and  a  concentrate  mixture  of  coarsely  ground 
jellow  corn  89  parts,  soybean  oilmeal  10  parts,  and  common  salt  1  part. 
The  ratio  of  1  part  concentrate  to  1  part  hay  in  these  2  feed  mixtures  was 
constant  for  all  individuals  of  the  experiment. 

6.  A  ration  composed  of  red  clover  hay  and  a  concentrate  mixture  of 
coarsely  ground  yellow  corn  64  parts,  soybean  oilmeal  35  parts,  and  com- 
mon salt  1  part,  was  compared  in  experiment  6  with  a  ration  composed 
of  red  clover  hay  and  a  concentrate  mixture  of  coarsely  ground  yellow 
corn  89  parts,  soybean  oilmeal  10  parts,  and  common  salt  1  part.  The 
ratio  of  2  parts  concentrate  to  3  parts  hay  in  these  2  rations  was  constant 
for  all  individuals  in  the  experiment. 

In  all  experiments  the  lambs  v^ere  fed  in  matched  pairs  of 
the  same  breed,  sex,  and  similar  initial  v^eight.  Hampshire,  Shrop- 
shire, Southdow^n,  Cheviot,  and  Merino  lambs  v^ere  used,  and  mem- 
bers of  each  breed  were  uniformly  distributed  throughout  each 
experiment.  The  daily  feed  intake  was  the  same  for  each  member 
of  each  pair,  but  varied  among  the  different  pairs.  The  allowance 
of  feed  for  each  member  of  each  pair  was  based  upon  the  con- 
sumption of  the  member  that  ate  the  smaller  quantity. 

COMPOSITION  OF  RATIONS 

Yellow  corn  of  grade  No.  2  was  used  in  all  experiments.  The 
soybean  oilmeal  was  made  by  the  expeller  process  in  which  the 
temperature  had  reached  a  maximum  of  275°  to  280°  F.  The 
mini  variety  composed  the  greater  percentage  of  the  beans  used 
for  the  meal. 

A  mixture  of  red  clover  hay  with  a  small  quantity  of  timothy, 
graded  as  U.  S.  No.  3,  was  used  in  experiment  1.  In  experiments 
2  and  3.  a  timothy-clover  mixture,  graded  as  U.  S.  No.  1,  was  used. 
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In  experiments  4,  5,  and  6,  U.  S.  No.  1  red  clover  with  a  small 
quantity  of  timothy  and  alsike  was  used. 

Chemical  analyses  of  the  total  mixtures  as  computed  from 
analyses  of  the  ingredients  are  shown  in  table  2.  The  maximum 
quantity  of  protein  was  furnished  by  the  ration  composed  of  soy- 
bean oilmeal  35  parts,  corn  64  parts,  and  clover  hay,  with  the 
concentrate  to  hay  ratio  of  3:2.  The  substitution  of  soybean  oil- 
meal for  5  per  cent  of  the  grain  ration  did  not  increase  the  average 
protein  content  of  the  feed  mixture  of  yellow  corn  and  red  clover 
or  timothy  hay  more  than  1  per  cent. 

In  recognition  of  the  relatively  low  calcium  content  of  timothy 
hay,  5  per  cent  of  finely  ground  limestone  was  included  in  the 
rations  in  experiments  2  and  3.  The  calcium  and  phosphorus 
contents  of  all  rations  as  reported  in  table  2  are  considered  to  be 
sufficient  for  growing  lambs.* 

Table  2.— Average  total  chemical  composition  of  each  feed  mixture 
m  each  experiment.  mixiure 


Experi- 
ment                Feed   Mix 

TURES,    IN   Pairs 

CON( 

— 

parts 
5 

5 

Dry 

klATTER 

Pro- 
tein 

A-^H 

Cal- 
cium 

Number   Kind  of  Hay 

CFNTRATES* 

S.B.O.M. 
S.B.O.M. 

Phos- 
phorus 

1 
2 

Red  clover 
Red  clover 

Timothy-clover 
Timothy-clover 

Corn 
Corn 

Corn 
Corn 

p^rts 

94 
99 

per 

cent 

86 

86 

84 
84 

per 

cent 

12.5 

12.0 

10.9 
10.0 

per 

cent 

5.1 

4.2 

4.6 
3.4 

per 

cent 

.93 

.93 

.52 
44 

per 

cent 

.27 

.27 

.27 
26 

3 

Timothy-clover 
Timothy-clover 

Corn 
Corn 

94 
89 

S.B.O.M. 
S.B.O.M. 

5 
10 

34 
84 

10.9 
11.7 

4.8 
4.7 

.55 
.62 

.26 
.26 

4 

Red  clover 
Red   clover 

Corn 
Corn 

64 
89 

S.B.O.M. 
S.B.O.M. 

35 
10 

87 
87 

16.9 
12.6 

4.8 
4.2 

.63 
.58 

.29 
.23 

5 

Red   clover 
Red   clover 

Corn 
Corn 

64 
89 

S.B.O.M. 
S.B.O.M. 

35 
10 

87 
87 

161 
11.9 

5.0 
4.5 

.75 
.72 

.26 
.21 

6 

Red   clover 
Red   clover 

Corn 
Corn 

64 
89 

S.B.O.M. 
S.B.O.M. 

35 
10 

87 
87 

15.1 
11.9 

5.3 

4.9 

.88 
.85 

.24 
.20 

In  experiment  1  the  concentrate  mixture  contained  h  part  common  salt  (sodium 
chloride),  in  experiments  2  and  3  it  contained  ^  part  common  salt  and  h  part  finely 
ground  limestone,  and  in  experiments  4,  5  and  6,  one  part  common  salt. 

EXPERIMENT  1 

A  ration  composed  of  red  clover  hay  and  yellow  corn  was  com- 
pared in  experiment  1  to  a  ration  composed  of  red  clover  hay 
and  a  concentrate  mixture  of  942  parts  yellow  corn  and  5  parts 
soybean  oilmeal,  2  part  of  common  salt  being  included  in  each  con- 
centrate mixture.  The  lambs  were  fed  in  pairs  matched  according 
to  breed,  sex,  and  initial  weight.  Fourteen  pairs  of  lambs  were 
started  but  only  12  pairs  completed  the  trial.  Two  pairs  of  lambs 
were  removed  early  in  the  experiment,  these  lambs  being  off  feed 
and  unthrifty. 

As  shown  by  the  data  in  table  3,  of  the  total  of  12  pairs  of  lambs, 
in  7  pairs  the  lamb  receiving   the  ration  of  soybean   oilmeal  5 

^Mitchell.  H.  H.  and  F.  J.  McClure.    Mineral  Nutrition  of  Farm  Animals,  Nat.  Res. 
Coun.  Bull.  99,  p.  67. 
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parts,  corn  94i  parts,  and  hay  gained  in  weight  more  rapidly; 
in  2  pairs  the  lamb  receiving  the  ration  of  corn  99i  parts  and  hay 
made  the  greater  gain;  and  in  3  pairs  the  gains  were  equal.  The 
average  difference  between  the  average  daily  gains  of  the  paired 
lambs  was  .02  ±  .02  pound  or  8.7  per  cent  in  favor  of  the  lamb 
fed  soybean  oilmeal.  According  to  "Student's"  method  of  deter- 
mining the  statistical  significance  of  differences,  the  Z-value  was  1 
(  '^  =1)  and  the  odds  were  291  to  1  for  the  difference  of  .02  be- 
in^  significant. 

In  156  comparisons  of  weekly  gains  in  body  weight  of  the  pairs, 
74  favored  the  lamb  which  received  the  ration  of  soybean  oilmeal 
5  parts,  corn  94i  parts,  and  hay;  28  showed  no  difference;  and  54 
favored  the  lamb  fed  no  soybean  oilmeal.    The  ideal  result,  if 

Table  3.— Live  weights,  gains,  and  feed  economy  of  12  pairs  of  lambs 
fed  corn  and  red  clover  hay,  with  1  member  of  each  oair  having  5  parts 
(per  cent)  of  its  corn  replaced  by  soybean  oilmeal;  feeding  period  91  days; 
experiment  1. 


Pairs 


Age.    at 

Begin-     Initial    Final     Total 
NiNG      Weight  Weight    Gain 


Ratio 
Feed  per  Concen- 
AvERAGE    Average       100        trates 
Daily      Daily      Pounds        to 
Gain      Ration       Gain        Hay 


days     pounds  pounds  pounds  pounds  pounds    pounds     1  to 


No.  1 

5  parts  S.B.O.M. 

All  corn 
No.  2 

5  parts  S.B.O.M. 

All    corn 
No.  3 

5  parts  S.B.O.M 

All    corn 
No.  4 

5  parts  S.B.O.M. 

All  corn 
No.  5 

5  parts  S.B.O.M. 

All  corn 
No.  6 

5  parts  S.B.O.M. 

All  corn 
No.  7 

5  narts  S.B.O.M. 

All  corn 
No.  8 

5  parts  S.B.O.M. 

All  corn 
No.  9 

5  parts  S.B.O.M. 

All  corn 
No.  10 

5  parts  S.B.O.M. 

All  corn 
No.  11 

5  parts  S.B.O.M. 

All  corn 
No.  12 


163 
113 

137 
111 

106 
158 

112 
166 

156 
128 

128 
129 

135 
133 

133 
119 

153 
134 


147 

134 
135 


57 
57 

• 

52 
49 

41 
40 

55 
52 

47 
43 

40 
41 

47 
45 

42 
43 

51 
52 

58 
59 

52 
54 


80 
83 

81 
76 

es 

65 

79 
73 

73 
74 

57 
54 

69 
62 

64 
60 

67 
71 

82 
81 

73 
75 


23 
28 

29 
27 

27 
29 

24 

21 


17 
13 

22 
17 

22 

17 

16 
19 

24 
22 

21 
21 


J25 
J29 

.32 
.30 

.30 
.27 

.26 
.23 

.29 

.29 

.19 
.14 

.24 

.19 

.24 

.19 

.18 
.21 

.26 
.24 

.23 
.23 


2.3 
2.3 

2.4 
2.3 

2.0 
2.0 

2.1 
2.1 

2.2 
2.2 

1.3 
1.3 

1.8 
1.7 

1.6 
1.6 

1.7 
1.7 

2.1 
2.1 

2.1 
2.1 


914 
810 

738 
786 

669 

770 

802 
914 

780 
780 

701 
917 

728 
935 

674 
871 

859 
799 

802 
876 

895 
896 


1.2 
1.2 

1.3 
1.3 

1.2 
1.2 

1.2 

1.2 

1.2 
1.2 

1.3 
1.3 

1.2 
1.2 

1.3 
1.3 

1.4 
1.4 

1.8 
1.8 

1.3 
1.3 


5  parts  S.B.O.M. 
All  corn 

136 
137 

57 
63 

78 
84 

21 
21 

.23 
.23 

2.1 
2.1 

911 
910 

1.3 
1.3 

Average 

5  parts  S.B.O.M. 
All  corn 

136 
134 

50 
50 

73 
72 

23 
21 

.25 
.23 

1.98 
1.97 

789 
855 

1.3 
1.3 
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chance  alone  operated,  would  be  78  comparisons  favoring  either 
the  lamb  receiving  the  ration  of  soybean  oilmeal  5  parts,  corn 
94^  parts  and  hay,  or  the  lamb  receiving  the  corn  and  hay  ration 
without  soybean  oilmeal.  The  deviation  from  the  ideal  is  1.6  times 
the  standard  deviation  ( V  .5  x  .5  x  156  =  6.2)  and  is  not  considered 
to  be  highly  significant. 

The  soybean  oilmeal  lambs  required  66  pounds  or  8.4  per  cent 
less  feed  for  each  100  pounds  of  gain  than  the  lambs  fed  the  corn 
and  hay  ration  without  soybean  oilmeal.  The  lambs  fed  soybean 
oilmeal  refused  an  average  of  3.5  pounds  of  feed  per  head  for 
the  entire  experiment  as  compared  to  8.8  pounds  per  head  for 
the  lambs  fed  corn  and  clover  hay  without  soybean  oilmeal. 

EXPERIMENT  2 

A  ration  composed  of  a  concentrate  mixture  of  soybean  oilmeal 
5  parts  and  corn  94  parts,  plus  hay  was  compared  in  experiment 
2  with  a  ration  composed  of  a  concentrate  mixture  of  corn  99  parts 
plus  hay,  each  concentrate  mixture  containing  h  part  common 
salt  and  i  part  finely  ground  limestone.  In  this  experiment  the 
hay  was  approximately  equal  parts  by  weight  timothy  and  red 
clover.  The  ratio  of  grain  to  hay  varied  among  the  pairs  and 
ranged  from  1:1  to  1:1.9.  The  data  relating  to  gains  and  feed 
economy  of  the  lambs  fed  in  experiment  2  are  shown  in  table  4. 
The  pairs  of  lambs  receiving  the  ration  with  a  low  ratio  of  con- 
centrate to  hay  made  lower  gains  than  the  lambs  fed  approxi- 
mately equal  weights  of  concentrate  and  hay.  The  lambs  fed 
the  ration  of  soybean  oilmeal  5  parts,  corn  94  parts,  and  hay 
averaged  .01  pound  higher  in  daily  gain  than  the  lambs  fed  the 
corn  and  hay  without  soybean  oilmeal.  This  difference  is  not 
statistically  significant.  The  lambs  fed  the  ration  of  soybean 
oilmeal  5  parts,  corn  94  parts,  and  hay  required  an  average  of 
7  per  cent  less  feed  for  each  100  pounds  of  gain  than  those  lambs 
fed  corn  and  hay  without  soybean  oilmeal. 

Of  the  11  pairs  of  lambs,  in  5  pairs  the  lamb  receiving  the  ra- 
tion of  soybean  oilmeal  5  parts,  corn  94  parts,  and  hay  gained  in 
weight  more  rapidly,  in  5  pairs  the  lamb  receiving  the  ration  of 
corn  and  hay  without  soybean  oilmeal  gained  more  rapidly,  and 
in  1  pair  the  gains  were  equal. 

In  166  comparisons  of  weekly  gains  in  body  weight  of  the  pairs, 
60  favored  the  lamb  which  received  the  ration  of  soybean  oilmeal 
5  parts,  corn  94  parts,  and  hay;  43  were  neutral;  and  63  favored 
the  lamb  fed  the  ration  of  corn  and  hay  without  soybean  oilmeal. 

In  this  experiment,  the  replacing  of  5  per  cent  of  the  corn  with 
soybean  oilmeal  did  not  increase  the  gains  of  lambs  when  fed 
a  timothy-clover  hay  mixture. 
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Table  4. — Live  weights,  gains,  and  feed  economy  of  11  pairs  of  lanibs 
fed  corn  and  limothy-red  clover  hay,  1  member  of  each  pair  having 
5  parts  (per  cent)  of  its  corn  replaced  by  soybean  oilmeal;  experiment  2. 


Pairs 


Ratio 
Feed  per  Concen- 
Age    at  Average    Average        100         trates 

Begin-  Initial  Final  Total    Daily    Daily      Pounds        to 

NiNG     Period  Weight  Weight  Gain    Gain      Ration      Gain        Hay 


days 

days 

pounds  pounds  pounds  pounds  pounds  pounds 

1  to 

No.  1 

5  parts  S.B.O.M. 
All  corn 

174 
173 

112 
112 

52 
52 

69 
70 

17 
18 

.15 
.16 

1.87 
1.86 

1232 
1155 

1.1 
1.1 

No.  2 

5  parts  S.B.O.M. 
All  corn 

197 
192 

112 
112 

66 
62 

87 
84 

21 
22 

.19 
.20 

1.86 
1.86 

993 
949 

1.1 
1.1 

No.  3 
5  parts  S.B.O.M 

142 

112 

60 

78 

18 

.16 

1.86 

1160 

1.1 

All  corn 

155 

112 

59 

80 

21 

.19 

1.86 

994 

1.1 

No.  4 

5  parts  S.B.O.M. 

180 

112 

68 

99 

31 

.28 

2.14 

775 

1.1 

All  corn 

156 

112 

69 

95 

26 

.23 

2;  14 

921 

1.1 

No.  5 

5  parts  S.B.O.M 

192 

112 

52 

68 

16 

.14 

1.60 

1120 

1.0 

All  corn 
No.  6 
5  parts  S.B.O.M. 

163 

112 

53 

71 

18 

.16 

1.59 

987 

1.0 

127 

112 

44 

66 

22 

.20 

1.75 

893 

1.1 

All  com 

173 

112 

43 

62 

19 

.17 

1.75 

1038 

1.1 

No.  7 

5  parts  S.B.O.M 

187 

112 

56 

68 

12 

.11 

1.64 

1531 

1.3 

All  corn 

186 

112 

60 

71 

11 

.10 

1.65 

1684 

1.3 

No.  8 

5  parts  S.B.O.M. 

132 

105 

45 

53 

8 

.08 

1.17 

1640 

1.4 

All  corn 

133 

105 

44 

54 

10 

.10 

1.18 

1318 

1.4 

No.  9 

5  parts  S.B.O.M. 

91 

42 

54 

12 

.13 

.86 

652 

1.9 

All  corn 

91 

40 

45 

5 

.05 

.85 

1554 

1.9 

No.  10 

5  parts  S.B.O.M. 

134 

105 

43 

55 

12 

.12 

1.36 

1188 

1.6 

All  corn 

145 

105 

44 

56 

12 

.12 

1.36 

1186 

1.6 

No.  11 

5   parts   S.B.O.M. 

149 

105 

44 

62 

18 

.17 

1.64 

959 

1.2 

All  corn 

105 

45 

59 

14 

.13 

1.65 

1236 

1.2 

Average 

5  parts  S.B.O.M. 

175 

108 

52 

•  69 

17 

.16 

1.61 

1100 

1.3 

All  corn 

148 

108 

52 

68 

16 

.15 

1.61 

1184 

1.3 

EXPERIMENT  3 

In  experiment  3,  a  concentrate  mixture  composed  of  soybean 
oilmeal  5  parts,  and  corn  94  parts  plus  mixed  timothy-clover  hay 
was  compared  with  a  concentrate  mixture  composed  of  soybean 
oilmeal  10  parts,  and  corn  89  parts  plus  mixed  timothy-clover 
hay.  Each  concentrate  mixture  contained  h  part  common  salt 
and  2  part  finely  ground  limestone. 

Experiment  3  was  conducted  concurrently  with  experiment  2. 
The  data  on  the  performance  of  the  individuals  are  shown  in 
table  5.  The  pairs  of  lambs  receiving  the  ration  with  the  highest 
ratio  of  concentrate  to  hay  made  a  higher  average  daily  gain  than 
those  lambs  receiving  the  ration  with  the  low  ratio  of  concentrate 
to  hay.  The  average  daily  gains  of  the  lambs  fed  the  two  rations 
were  the  same  and  the  feed  requirement  for  each  100  pounds  gam 
was  approximately  the  same. 
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Table  5. — Live  weights,  gains,  and  feed  economy  of  15  pairs  of  lambs 
fed  corn  and  timothy-clover  hay,  1  member  of  each  pair  having  5  parts 
(per  cent)  and  the  other  10  parts  (per  cent)  of  its  corn  reolaced  by  soy- 
bean oilmeal;  experiment  3. 


Ratio 

Feed  per 

Concen- 

Age at 

Average  Average 

100 

trates 

Begin- 

Initial 

Final 

Total 

Daily 

Daily 

Pounds 

to 

PaIRS                                 NING 

Period  Weight  Weight  Gain 

Gain 

Ration 

Gain 

Hay 

days 

days  pounds  pounds  pounds  pounds  pounds  pounds 

1  to 

No.  1 

5  parts  S.B.O.M. 

159 

112 

43 

64 

21 

.19 

1.72 

920 

1.2 

10  parts  S.B.O.M. 

159 

112 

41 

70 

29 

.26 

1.71 

660 

1.2 

No.  2 

5  parts  S.B.O.M. 

118 

112 

51 

77 

26 

.23 

1.98 

852 

1.1 

10  parts  S.B.O.M. 

137 

112 

49 

83 

34 

.30 

1.98 

652 

1.1 

No.  3 

5  parts  S.B.O.M 

113 

112 

56 

69 

13 

.12 

1.65 

1425 

1.4 

10  parts,  S.B.O.M 

146 

112 

60 

72 

12 

.11 

1.68 

1568 

1.4 

No.  4 

5  parts  S.B.O.M. 

117 

112 

69 

104 

35 

.31 

2.17 

694 

1.1 

10  parts  S.B.O.M. 

158 

112 

74 

100 

26 

.23 

2.16 

930 

1.1 

No.  5 

5  parts  S.B.O.M. 

117 

112 

54 

78 

24 

.21 

2.06 

960 

1.0 

10  parts  S.B.O.M. 

146 

112 

63 

84 

21 

.19 

2.04 

1088 

1.0 

No.  6 

5  parts   S.B.O.M. 

171 

m 

63 

87 

24 

.24 

2.21 

900 

1.2 

10  parts  S.B.O.M. 

169 

9B 

67 

88 

21 

.21 

2.21 

1033 

1.2 

No.  7 

5  parts  S.B.O.M. 

175 

112 

49 

70 

21 

.19 

1.76 

939 

1.2 

10  parts  S.B.O.M. 

160 

112 

56 

76 

20 

.18 

1.75 

980 

1.2 

No.  8 

5   parts   S.B.O.M. 

128 

105 

36 

49 

13 

.12 

1.06 

861 

1.3 

10  parts  S.B.O.M, 

128 

105 

37 

48 

11 

.10 

1.05 

1005 

1.3 

No.  9 

5  parts  S.B.O.M. 

140 

105 

51 

60 

9 

.09 

1.16 

1351 

1.4 

10  parts  S.B.O.M. 

136 

105 

52 

59 

7 

.07 

1.16 

1746 

1.4 

No.  10 

5  parts  S.B.O.M. 

128 

105 

48 

64 

16 

.15 

1.64 

1074 

1.2 

10  parts  S.B.O.M. 

132 

105 

49 

68 

19 

.18 

1.61 

1613 

1.2 

No.  11 

5  parts  S.B.O.M. 

151 

105 

47 

64 

17 

.16 

1.55 

958 

1.3 

10  parts  S.B.O.M. 

149 

105 

49 

66 

17 

.16 

1.55 

958 

1.3 

No.  12 

5  parts  S.B.O.M. 

152 

105 

56 

66 

10 

.10 

1.42 

1489 

1.2 

10  parts  S.B.O.M. 

153 

105 

56 

72 

16 

.15 

1.42 

931 

1.2 

No.  13 

5  parts  S.B.O.M. 

149 

105 

60 

74 

14 

.13 

1.66 

1245 

1.3 

10  parts  S.B.O.M. 

145 

105 

62 

78 

16 

.15 

1.66 

1091 

1.3 

No.  14 

5  parts  S.B.O.M. 

145 

105 

52 

67 

15 

.14 

1.64 

1149 

1.4 

10  parts  S.B.O.M. 

105 

54 

67 

13 

.12 

1.63 

1318 

1.4 

No.  15 

5  parts  S.B.O.M. 

148 

105 

52 

62 

10 

.10 

1.24 

1308 

1.8 

10  parts  S.B.O.M. 

105 

54 

66 

12 

.12 

1.24 

1088 

1.8 

Average 

5  parts  S.B.O.M. 

141 

107 

52 

70 

18 

.17 

1.66 

1075 

1.3 

10  parts  S.B.O.M. 

148 

107 

55 

73 

18 

.17 

1.66 

1111 

1.3 

EXPERIMENT  4 

In  experiment  4,  a  concentrate  mixture  composed  of  soybean 
oilmeal  35  parts  and  corn  64  parts,  was  compared  with  a  concen- 
trate mixture  composed  of  soybean  oilmeal  10  parts,  and  corn  89 
parts.  Red  clover  hay  was  fed  as  roughage  in  both  rations,  and  the 
concentrate  mixture  of  each  contained  1  part  of  common  salt.  The 
concentrate  to  hay  ratio,  3: 2,  was  the  same  among  pairs. 
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Thf-  data  for  gains  and  economy  of  gains  are  shown  in  table 
6.  All  lambs  fed  each  ration  made  high  average  daily  gains.  In- 
dividual gains  ranged  from  .15  to  .41  pound.  The  lambs  receiving 
the  ration  of  soybean  oilmeal  35  parts,  corn  64  parts,  and  hay 
averaged  .03  pound  or  11  per  cent  more  gain  daily  than  the 
lambs  fed  the  ration  of  soybean  oilmeal  10  parts,  corn  89  parts, 
and  hay.  The  odds  that  this  difference  is  significant  v^ere  59  to  1. 
The  lambs  fed  the  ration  of  soybean  oilmeal  35  parts,  corn  89  parts, 
and  hay  required  an  average  of  6  per  cent  less  feed  for  each  hun- 
dred pounds  of  gain  than  the  lambs  fed  the  ration  of  soybean 
oilmeal  10  parts,  corn  89  parts,  and  hay.  This  is  a  significant 
difference. 

Of  the  total  of  8  pairs  of  lambs,  in  6  pairs  the  lamb  receiving 
the  ration  of  soybean  oilmeal  35  parts,  corn  64  parts,  and  hay 
gained  more  rapidly,  in  1  pair  the  lamb  receiving  the  ration  of 
soybean  oilmeal  10  parts,  corn  89  parts,  and  hay  made  the  greater 
gain,  and  in  1  pair  the  gains  were  equal. 

In  93  comparisons  of  weekly  gains  in  body  weight  of  the  pairs, 
41  favored  the  lamb  receiving  the  ration  of  soybean  oilmeal  35 

Table  6. Live  weights,  gains.,  and  feed  economy  of  8  pairs  of  lambs 

fed  corn  and  red  clover  hay,  1  member  of  each  pair  having  35  parts  (per 
cent)  and  the  other  member  10  parts  (per  cent)  of  its  cdrn  replaced  by 
soybean  oilmeal;  ratio  of  concentrate  to  hay  3:2;  experiment  4. 


Feed  per 

Ace  at 

Average  Average 

100 

Begin- 

Initial 

Final 

Total 

Daily 

Daily 

Pounds 

Pairs 

ning 

Period 

Weight 

Weight 

Gain 

Gain 

Ration 

Gain 

days 

days 

pounds  pounds  pounds  pounds 

pounds 

pounds 

No.  1 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

144 
141 

M 
•i 

S 

S 

24 
22 

.25 
.23 

1.59 
1.59 

624 
681 

No.  2 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

175 
139 

3 

U 

9i 

8 

29 
27 

.37 
.35 

2.31 
2.31 

621 
668 

No.  3 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

156 
179 

IS 

78 

S 

8 

26 
23 

.33 
.29 

2.03 
2.03 

610 
688 

No.  4 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

177 
174 

It 

78 

ss 

8 

27 
28 

.35 
.29 

2.12 
2.13 

• 

614 
719 

No.  5 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

ti 

94 

ft 

49 

8 

14 

.15 
A5 

1.25 
1.25 

838 
836 

No.  6 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

172 
170 

78 
78 

62 

61 

87 
81 

25 
20 

32 
.26 

1.99 
1.99 

622 

776 

No.  7 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

169 
169 

42 
42 

47 
49 

64 
63 

17 
14 

.41 
.33 

1.95 
1.96 

482 
587 

No.  8 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

166 
169 

94 
94 

48 

51 

77 
81 

29 

30 

Jl 

.32 

2.04 
2.04 

662 
641 

Average 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

166 
163 

80 
80 

53 
54 

77 
76 

24 

22 

.31 

.28 

1.91 
1.91 

659 
700 
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parts,  corn  64  parts,  and  hay;  17  were  the  same;  and  35  favored  the 
lamb  fed  the  ration  of  soybean  oilmeal  10  parts,  corn  89  parts, 
and  hay.  The  ideal  result,  if  chance  alone  operated,  would  be 
46.5  comparisons  in  favor  of  either  the  lamb  fed  35  parts  or  the 
lamb  fed  10  parts  of  soybean  oilmeal  in  its  concentrate  mixture. 
The  deviation  of  3  from  this  ideal  is  equal  to  approximately  .6  of 

the  standard  deviation  ( v  .5  x  .5  x  93  =  4.8) . 

EXPERIMENT  5 

A  comparison  was  made  in  experiment  5  of  a  concentrate  mix- 
ture composed  of  soybean  oilmeal  35  parts  and  corn  64  parts  with 
red  clover  hay  as  roughage  and  a  concentrate  mixture  composed 
of  soybean  oilmeal  10  parts  and  corn  89  parts  also  with  red  clover 
hay.  Each  concentrate  mixture  contained  1  part  of  common  salt. 
This  experiment  was  conducted  concurrently  with  experiment  4, 
the  ratio  of  grain  to  hay  being  1: 1  instead  of  3: 2  as  in  experiment  4. 

Data  for  gains  and  feed  economy  of  the  individual  lambs  of 
experiment  5  are  shown  in  table  7.  The  lambs  fed  the  ration  of 
soybean  oilmeal  35  parts,  corn  64  parts,  and  hay  gained  an  average 
of  .02  pound  daily  or  9  per  cent  more  than  the  lambs  fed  the 
ration  of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay.  Ten 
per  cent  more  feed  was  required  for  each  100  pounds  gain  by  the 
lambs  fed  the  ration  of  soybean  oilmeal  10  parts,  corn  89  parts, 
and  hay  than  by  the  lambs  fed  the  ration  of  soybean  oilmeal  35 
parts,  corn  64  parts,  and  hay.  Of  the  11  pairs  of  lambs,  in  8  pairs 
the  lamb  receiving  the  ration  of  soybean  oilmeal  35  parts,  corn 
64  parts,  and  hay  gained  more  rapidly,  in  2  pairs  the  lamb  re- 
ceiving the  ration  of  soybean  oilmeal  10  parts,  corn  89  parts,  and 
hay  made  the  greater  gain,  and  in  1  pair  the  gains  were  equal. 

When  the  data  are  analyzed  by  ^'Student's"  method,  the  standard 
deviation  of  the  difference  is  found  to  be  .02  and  the  odds  for  this 
difference  being  significant  are  84  to  1. 

In  148  comparisons  of  weekly  gains  in  body  weight  of  the  pairs, 
62  favored  the  lamb  receiving  the  ration  of  soybean  oilmeal  35 
parts,  corn  64  parts,  and  hay,  44  favored  the  lamb  fed  the  ration 
of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay,  and  42  showed 
no  difference.  The  ideal  result,  if  chance  alone  operated,  would 
be  74  comparisons  favoring  either  the  lamb  fed  the  ration  of 
soybean  oilmeal  35  parts,  corn  64  parts,  and  hay  or  the  lamb  fed 
the  ration  of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay. 
The  deviation  of  9  from  this  ideal  is  equal  to  approximately  1.5 
standard  deviations  (V.S  x  .5  x  148  =  6.1) . 
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Table  7.—Live  weighls,  gains  and  feed  economy  of  11  pairs  of  lambs 
fed  corn  and  red  clover  hay,  1  member  of  each  pair  having  35  parls  (per 
cent)  and  the  other  member  10  parts  (per  cent)  of  its  corn  replaced  by 
soybean  oilmeal;  ratio  of  concentrate  to  hay  1:1;  experiment  5. 




— 

Feed  per 

A  {IV   AT 

Average  Average 

100 

Begin- 

Initial 

FiNAI 

Total 

Daily 

Daily 

Pounds 

Pairs 

ning 

Period 

Weight 

Weight 

Gain 

Gain 

Ration 

Gain 

days 

days 

pounds  pounds  pounds  pounds 

pounds 

pounds 

No.  1 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

155 

94 
94 

49 
51 

78 
77 

29 
26 

.31 
.28 

2.13 
2.13 

690 
770 

No.  2 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

169 
163 

94 
94 

52 
54 

73 
71 

21 
17 

.22 

.19 

1.70 
1.70 

760 
939 

No.  3 

35  parts  S.B.O.M. 

10  parts  S.B.O.M. 

167 
177 

57 
57 

72 
63 

90 
78 

18 
15 

.32 

.27 

2.34 
2.29 

739 

871 

No.  4 

35  parts  S.B.O.M. 

165 

94 

46 

64 

18 

.19 

4  Jft 

1.58 
1.58 

823 
988 

10  parts  S.B.O.M. 

160 

94 

47 

62 

15 

.16 

No.  5 

35  parts  S.B.O.M. 

165 

94 

46 

69 

23 

.25 

1.71 
1.71 

637 
697 

10  parts  S.B.O.M. 

126 

94 

50 

73 

23 

.25 

No.  6 

35  parts  S.B.O.M. 

158 

94 

48 

72 

24 

.25 

1.96 

767 
683 

10  parts  S.B.O.M. 

94 

47 

74 

27 

.29 

1.96 

No.  7 

35  parts  S.B.O.M. 

158 

94 

51 

79 

28 

.30 

2.09 

702 
786 

10  parts  S.B.O.M. 

165 

94 

51 

76 

25 

.27 

2.09 

No.  8 

35  parts  S.B.O.M. 

148 

94 

42 

54 

12 

.13 

1.25 

975 

10  parts  S.B.O.M. 

133 

94 

42 

55 

13 

.14 

1.25 

906 

No.  9 

35  parts  S.B.O.M. 

144 

94 

42 

64 

22 

.23 

1.61 

689 

10  parts  S.B.O.M. 

146 

94 

42 

60 

18 

.19 

1.61 

843 

No.  10 

35  parts  S.B.O.M. 

158 

94 

44 

63 

19 

.20 

1.47 

725 

10  parts  S.B.O.M. 

94 

45 

61 

16 

.17 

1.46 

860 

No.  11 

35  parts  S.B.O.M. 

140 

94 

46 

67 

21 

.22 

1.59 

711 

10  parts  S.B.O.M. 

140 

94 

54 

73 

19 

.20 

1.59 

786 

Average 

35  parts  S.B.O.M. 

157 

91 

49 

70 

21 

.24 

1.77 

753 

10  parts  S.B.O.M. 

151 

91 

50 

69 

20 

.22 

1.76 

830 

EXPERIMENT  6 

A  comparison  was  made  in  experiment  6  of  a  ration  composed 
of  a  concentrate  mixture  of  soybean  oilmeal  35  parts,  and  corn  64 
parts,  plus  red  clover  hay  and  a  ration  composed  of  a  concentrate 
mixture  of  soybean  oilmeal  10  parts,  and  corn  89  parts  to  which  red 
clover  hay  also  was  added.  Each  concentrate  mixture  contained  1 
part  common  salt.  This  experiment  was  conducted  concurrently 
with  experiments  4  and  5.  The  ratio  of  concentrate  to  hay  was 
2:3  for  the  8  pairs. 

Data  relating  to  weights,  gains  and  economy  of  gains  of  the 
lambs  of  experiment  6  are  shown  in  table  8.  Eleven  pairs  began 
this  experiment,  and  nine  completed  the  trial.  Two  lambs  died 
during  the  test;  consequently,  their  mates  were  removed  from 
the  experiment.  The  deaths  of  the  lambs  followed  the  develop- 
ment of  an  unthrifty  condition  which  developed  previous  to  the 
beginning  of  the  experiment. 
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Table  8. — Live  weights,  gains,  and  feed  economy  of  11  pairs  of  lambs 
fed  corn  and  red  clover  hay,  1  member  of  each  pair  having  35  parts  (per 
cent)  and  the  other  member  10  parts  (per  cent)  of  its  corn  replaced  by 
soybean  oilmeal;  ratio  of  concentrate  to  hay  2:3;  experiment  6. 


Pairs 


Age  at 
Begin- 
ning 


Period 


Initial     Final 
Weight  Weight 


Feed  per 
Average  Average        100 
Total    Daily       Daily      Pounds 
Gain       Gain       Ration      Gain 


days 

days 

pounds  pounds  pounds  pounds 

pounds 

pounds 

No.  1 

35  parts  S.B.O.M. 

146 

94 

43 

63 

ao 

^1 

1.72 

809 

10  parts  S.B.O.M. 

146 

94 

44 

60 

17 

47 

1.72 

1011 

No.  2 

35  parts  S.B.O.M. 

77 

49 

55 

6 

.08 

1.21 

1555 

10  parts  S.B.O.M. 

77 

49 

57 

8 

.10 

1.21 

1164 

No.  3 

35  parts  S.B.O.M. 

144 

94 

45 

61 

16 

.17 

1.35 

794 

10  parts  S.B.O.M. 

150 

94 

44 

53 

9 

.09 

1.35 

1415 

No.  4 

35  parts  S.B.O.M. 

142 

94 

38 

53 

15 

.16 

1.22 

764 

10  parts  S.B.O.M. 

144 

94 

38 

50 

12 

.13 

1.22 

954 

No.  5 

35  parts  S.B.O.M. 

140 

94 

49 

57 

8 

.08 

1.24 

1451 

10  parts  S.B.O.M. 

No.  6 

35  Darts  S.B.O.M. 

141 

94 

48 

57 

9 

.09 

1.24 

1302 

144 

94 

54 

70 

16 

.17 

1.46 

858 

10  parts  S.B.O.M. 

143 

94 

54 

67 

13 

.14 

1.47 

1060 

No.  7 

35  parts  S.B.O.M. 

140 

94 

57 

68 

11 

.12 

1.40 

1199 

10  parts  S.B.O.M. 

148 

94 

51 

60 

9 

.09 

1.40 

1466 

No.  8 

35  parts  S.B.O.M. 

140 

94 

46 

73 

27 

.29 

1.86 

648 

10  parts  S.B.O.M. 

140 

94 

48 

73 

25 

.27 

1.86 

700 

No.  9 

35  parts  S.B.O.M. 

126 

94 

57 

69 

12 

.13 

1.57 

1226 

10  parts  S.B.O.M. 

165 

94 

53 

59 

6 

.06 

1.57 
1.45 

2452 

Average 

35  parts  S.B.O.M. 

140 

92 

49 

63 

15 

.16 

1034 

10  parts  S.B.O.M. 

147 

92 

48 

60 

12 

.13 

1.45 

1280 

The  lambs  in  this  experiment  did  not  gain  as  rapidly  as  those 
of  experiments  4  and  5.  Those  fed  the  ration  of  soybean  oilmeal 
35  parts,  corn  64  parts,  and  hay  made  an  average  daily  gain  which 
was  .03  pound  or  23  per  cent  more  than  the  lambs  fed  the  ration 
of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay.  The  standard 
deviation  of  this  difference  is  .05  and  the  odds  for  this  difference 
being  significant  are  18  to  1.  The  feed  requirement  per  unit  of 
gain  was  19  per  cent  less  for  the  lambs  fed  the  ration  of  soybean 
oilmeal  35  parts,  corn  64  parts,  and  hay  than  for  the  lambs  fed  the 
ration  of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay. 

Of  the  total  of  9  pairs  of  lambs,  in  7  pairs  the  lambs  fed  the 
ration  of  soybean  oilmeal  35  parts,  corn  64  parts,  and  hay  gained 
more  rapidly,  and  in  2  pairs  the  lambs  receiving  the  ration  of 
soybean  oilmeal  10  parts,  corn  89  parts,  and  hay  made  the  greater 

gain. 

In  123  comparisons  of  weekly  gains  in  body  weight  of  the  pdrs, 
56  favored  the  lamb  receiving  the  ration  of  soybean  oilmeal  35 
parts,  corn  64  parts,  and  hay;  43  favored  the  lamb  fed  the  ration 
of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay;  and  24  com- 
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parisons  showed  no  difference.  The  ideal  result,  if  chance  alone 
was  the  determining  factor,  would  be  61.5  comparisons  favor- 
ing either  the  lamb  fed  the  ration  of  soybean  oilmeal  35  parts, 
corn  64  parts,  and  hay  or  the  lamb  fed  the  ration  of  soybean 
oilmeal  10  parts,  corn  89  parts,  and  hay.  The  deviation  of  6.5 
from  this  ideal  is  equal  to  approximately  1.2  standard  deviations 

(\/.5x. 5x123  =  5.5). 

COMPOSITE  STUDY  OF  EXPERIMENTS  4,  5,  AND  6 

The  data  presented  in  table  9  show  an  increase  in  the  average 
daily  gain  of  .03  pound  or  15  per  cent,  and  a  saving  of  94  pounds 
or  13  per  cent  of  feed  for  each  100  pounds  gain,  in  the  lambs  fed 
the  ration  of  soybean  oilmeal  35  parts,  corn  64  parts,  and  hay 
over  those  fed  the  ration  of  soybean  oilmeal  10  parts,  corn  89 
parts,  and  hay. 

The  standard  deviation  of  the  difference,  .03  pound,  is  .02  pound. 
When  the  data  are  analyzed  by  "Student's"  method  a  Z-value  of 
1.5  is  obtained  which  with  28  individuals  gives  odds  exceeding 
10,000  to  1  that  the  difference  is  significant.  While  a  difference 
of  .03  pound  is  not  large,  it  is  of  importance  in  the  case  of  lambs, 
especially  so  in  the  light  of  the  small  standard  deviation  which 
attests  the  consistent  differences  existing  between  pair  mates.  The 
data  indicate,  therefore,  that  the  ration  of  soybean  oilmeal  35 
parts,  corn  64  parts,  and  red  clover  hay  was  of  greater  value  for 
growth  as  measured  by  gain  in  liveweight  than  was  the  ration  of 
soybean  oilmeal  10  parts,  corn  89  parts,  and  red  clover  hay. 

Of  the  total  of  28  pairs  of  lambs,  in  21  pairs  the  lamb  receiving 
the  ration  of  soybean  oilmeal  35  parts,  corn  64  parts,  and  hay 
gained  more  rapidly;  in  only  5  pairs  the  lamb  fed  the  ration  of 
soybean  oilmeal  10  parts,  corn  89  parts,  and  hay  made  the  greater 
gain;  and  in  two  pairs  the  gains  were  the  same. 

In  364  comparisons  of  weekly  gains  in  body  weight,  159  favored 
the  lamb  fed  the  ration  of  soybean  oilmeal  35  parts,  corn  64  parts, 
and  hay;  83  showed  no  difference;  and  122  favored  the  lamb  fed  the 
ration  of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay.    The 

Table  9. — A  comparison  of  the  average  gains  and  feed  requirements 
of  lambs  fed  35  parts  (per  cent)  and  10  parts  (per  cent)  soybean  oilmeal 
concentrate  rations  with  red  clover  hay. 


Ration 

Number 
Indivi- 
duals 

Initial 
"Weight 

Final 
Weight 

Average 

Daily 

Gain 

Average 
Daily 
Ration 

Feed  per 

100 
Pounds 
Gain 

35  parts  S.B.O.M. 
10  parts  S.B.O.M. 

28 
28 

povjids 

50 
50 

pounds 

70 
68 

pounds 

.23 
.20 

pounds 

1.68 
1.68 

pounds 

744 
838 
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ideal  result,  if  chance  alone  operated,  would  be  182  coniparisons 
favoring  either  the  lamb  fed  the  ration  of  soybean  oilmeal  35 
parts,  corn  64  parts,  and  hay  or  the  lamb  fed  the  ration  of  soybean 
oilmeal  10  parts,  corn  89  parts,  and  hay.  The  deviation  of  18.5  from 
this  ideal  is  equal  to  approximately  1.9  standard  deviations 
( V. 5  X. 5x364  =  9.5). 

As  shown  in  table  10  the  lambs  fed  the  ration  with  3  parts  con- 
centrate and  2  parts  hay  made  the  most  rapid  and  economical 
gains.  The  lambs  fed  the  high  concentrate  ration,  ratio  3:2,  made 
.06  pound  or  26  per  cent  greater  average  daily  gain  and  required 
124  pounds  or  16  per  cent  less  total  feed  for  each  100  pounds  gain 
than  the  lambs  fed  the  ration  of  1  part  concentrate  and  1  part 
hay.  The  lambs  fed  the  ration  with  the  concentrate  to  hay  ratio 
of  3:2  made  .15  pound  or  107  per  cent  higher  average  daily  gain 
and  required  490  pounds  or  42  per  cent  less  total  feed  for  each 
100  pounds  gain  than  the  lambs  fed  the  ration  of  2  parts  concen- 
trate and  3  parts  hay.  The  lambs  fed  the  ration  of  equal  parts 
concentrate  and  hay  made  .09  pound  or  64  per  cent  higher  average 
daily  gain  and  required  366  pounds  or  32  per  cent  less  total  feed 
for  each  100  pounds  gain  than  the  lambs  fed  the  ration  with  the 
concentrate  to  hay  ratio  of  2:3. 

The  lambs  fed  the  ration  of  3  parts  concentrate  and  2  parts 
hay  consumed  .14  pound  or  8  per  cent  more  total  daily  feed  than 

Table  10. — A  comparison  of  the  average  gains,  and  average  feed  in- 
take and  feed  requirements  of  lambs  fed  rations  with  three  different 
ratios  of  concentrate  to  hay. 


Ratio  of 
Concen- 
trate 
TO  Hay 

NUIVIBER 
OF 

Indivi- 
duals 

Initial 
Weight 

Final 
Weight 

Total 
Gain 

Average 
Daily 
Gain 

Average 

Daily 

Ration 

Feed  per 

100 

Pounds 

Gain 

3:2 
1:1 
2:3 

16 
22 
18 

pounds 

53.6 
49.3 
48.2 

pounds 

76.3 
69.7 
61.6 

pounds 

22.8 
20.4 
13.2 

pounds 

.29 
.23 
.14 

pounds 

1.91 
1.77 
1.45 

pounds 

667 

791 

1157 

the  lambs  fed  the  ration  of  1  part  concentrate  and  1  part  hay,  and 
.46  pound  or  32  per  cent  more  total  daily  feed  than  the  lambs  fed 
the  ration  of  2  parts  concentrate  and  3  parts  hay.  The  lambs  fed 
the  ration  of  equal  parts  concentrate  and  hay  consumed  .32  pound 
or  22  per  cent  more  total  daily  feed  than  the  lambs  fed  2  parts 
concentrate  and  3  parts  hay. 

The  total  quantity  of  feed  refused  by  all  lambs  and  the  number 
of  feed  refusals  by  the  lambs  in  experiments  4,  5,  and  6  are  shown 
in  table  11.  The  number  of  feed  refusals  of  experiments  1,  2,  and 
3  were  not  recorded.  The  total  quantity  of  feed  refused  and  the 


14 


Pennsylvania  Agricultural  Experiment  Station 


Table  11— 

■Total  feed  refused  and  number  of  feed  refusals  by  lambs  in 

experiments  4,  5.  and  6. 

- 

Ratio 

Num- 

Number 

Con- 

ber 

OF  In- 

centrate 

Feed 

OF  Re- 

Experiment 

Ration 

dividuals 

TO  Hay 

Refused 

fusals 

pounds 

1 

5  parts  S.B.O.M. 

12 

1:1.3 

42.2 

All  corn 

12 

1:1.3 

105.3 

2 

5  parts  S.B.O.M 

11 

1:1.3 

37.7 

All  corn 

11 

1:1.3 

38.8 

3 

5  parts  S.B.O.M. 

15 

1:1.3 

80.3 

10  parts  S.B.O.M. 

15 

1:1.3 

65.2 

4 

35  parts  S.B.O.M. 

8 

3:2 

8.9 

271 

10  parts  S.B.O.M. 

8 

3:2 

11.8 

394 

5 

35  parts  S.B.O.M. 

11 

1:1 

12.8 

1609 

10  parts  S.B.O.M. 

11 

1:1 

10.8 

644 

6 

35  parts  S.B.O.M. 

9 

2:3 

8.2 

330 

10  parts  S.B.O.M. 

9 

2:3 

10.7 

601 

number  of  refusals  were  the  greatest  for  the  members  of  the  pairs 
fed  the  smaller  quantity  of  soybean  oilmeal  in  experiments  4  and  6, 
and  the  greatest  for  the  members  of  the  pairs  fed  the  larger  quanti- 
ty of  soybean  oilmeal  in  experiment  5. 

COST  OF  GAINS 

Nomographs  are  presented  on  pages  16  and  17  with  which  the 
lamb  feeder  may  determine  the  cost  of  100  pounds  of  gain  with 
prevailing  prices  of  concentrate  and  hay. 

Nomograph  1  presents  the  cost  of  100  pounds  of  gain  of  lambs 
fed  the  ration  of  soybean  oilmeal  35  parts,  corn  64  parts,  and  hay, 


Fig.   1. — Experimental  equipment.    All  lambs  were  fed  in  indiv^idual 
stalls  which  allowed  for  complete  accounting  of  their  feed. 
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the  ratios  of  concentrate  to  hay  being  3: 2, 1: 1,  and  2: 3,  respectively. 
Nomograph  2  presents  the  cost  of  100  pounds  of  gain  of  lambs 
fed  the  ration  of  soybean  oilmeal  10  parts,  corn  89  parts,  and  hay, 
the  ratios  of  concentrate  to  hay  being  3: 2, 1: 1,  and  2: 3,  respectively. 

If  the  lamb  feeder  desires  to  know  the  most  economical  ratio  of 
concentrate  to  hay  to  feed  with  a  ration  of  soybean  oilmeal  35 
parts,  corn  64  parts,  and  hay,  when  the  concentrate  mixture  costs 
$1.20  per  hundred  pounds  and  the  hay  costs  $15  per  ton,  the 
point  intersected  on  the  intermediate  scales  will  give  the  cost 
of  100  pounds  of  gain.  With  these  prices,  the  cost  of  100  pounds  of 
gain  according  to  Nomograph  1  was  $6.10,  $7.00,  and  $9.20  for 
the  lambs  fed  rations  with  the  concentrate  to  hay  ratios  of  3:2, 
1:1,  2:3,  respectively. 

The  cost  of  100  pounds  of  gain  of  the  lambs  fed  the  ration  of 
soybean  oilmeal  10  parts,  corn  89  parts,  and  hay  as  shown  in 
Nomograph  2,  was  $6.75,  $7.70,  and  $11.40  for  the  lambs  fed  the 
rations  with  the  concentrate  to  hay  ratios  of  3:2,  1: 1,  and  2:3,  re- 
spectively. 

If  the  lamb  feeder  desires  to  know  the  most  economical  soy- 
bean oilmeal  ration  to  feed  regardless  of  the  ratio  of  concentrate 
to  hay,  the  cost  of  100  pounds  of  gain  of  the  lambs  fed  the  ration 
of  soybean  oilmeal  35  parts,  corn  64  parts,  and  hay,  as  given  by 
Nomograph  1,  ma^'^  be  compared  with  the  cost  of  100  pounds 
of  gain  of  the  lambs  fed  the  ration  of  soybean  oilmeal  10  parts, 
corn  89  parts,  and  hay,  as  given  by  Nomograph  2. 

SUMMARY 

Sixty-six  pairs  of  lambs  were  fed  in  this  study  to  determine  the 
optimum  percentage  of  soybean  oilmeal  that  can  be  used  as  a 
source  of  protein  in  a  concentrate  mixture  in  combination  with 
different  proportions  of  hay  for  growing  lambs.  The  following 
feeds  were  used:  yellow  corn,  clover  or  mixed  timothy-clover 
hay,  and  soybean  oilmeal. 

A  study  has  been  made  of  the  effect  of  the  ratio  of  concentrate 
to  hay  on  the  gains  with  varying  quantities  of  soybean  oilmeal.  In 
three  experiments  the  ratios  of  concentrate  to  hay  among  pairs 
were  not  controlled;  the  ratios  varied  between  1:1.1  and  1:1.8.  In 
three  experiments  the  ratios  of  concentrate  to  hay  among  pairs 
were  kept  constant  throughout  a  group,  the  following  ratios  be- 
ing studied:  3:2,  1:1,  and  2:3. 

The  5  per  cent  soybean  oilmeal  concentrate  ration  was  found  to 
be  superior  to  corn  alone  when  red  clover  hay  of  U.  S.  No.  3  grade 


Nomograph  1:  Used  for  Ihe  rapid  calculalion  of  feed  cosl  of  100  pounds 
of  gain  of  lambs  fed  hay  and  a  concentraie  mixlure  of  soybean  oilmeal 
35  parts,  corn  64  parts,  for  ratios  of  concentrate  to  hay  3:2,  1:1,  and  2:3. 


ODnc(^nfn:7fe   Cosf0//OO  fJbs.  Ca^/n 
Cost  Pof/o  •  Concenfrcyte  to  /-/aru 

3,0 


Cost 
0/fon 
30 


Feeds  and  quantity  required  for  each  100  pounds  of  gain. 


Feeds 


Ratios  of  Concentrate  to  Hay 


Corn 

Soybean  oilmeal 

Salt  (sodium  chloride) 

Hay 

Total 


3:2 
pounds 

243.5 
133.1 
3.8 
253.6 
634.0 


1:1 
pounds 

241.0 
131.8 
3.8 
376.5 
753.0 


2:3 
pounds 

264.7 

144.8 

4.1 

620.4 

1034.0 


Per  cent  protein  in  ration        16.9 


16.1 


15.1 


Nomograph  2:  Used  for  the  rapid  calculation  of  feed  cost  of  100  pounds 
of  gain  of  lambs  fed  hay  and  a  concentrate  mixture  of  soybean  oilmeal 
10  parts,  corn  89  parts,  for  ratios  of  concentrate  to  hay  of  3:2,  1:1,  and  2:3. 


Concenfrafe     Cosf  0//OO  /bs.  Oa/'n 
Cost  Raf/o  '  Concenfraf-e  to  Hay 

0/c^t  3:2      /••/      2-3 

3,0  -I r  


Hay 
Cost 
0/ton 
30 


Feeds  and  quantity  required  for  each  100  pounds  of  gain. 


Feeds 


Ratios  of  Concentrate  to  Hay 


Corn 

Soybean  oilmeal 

Salt  (sodium  chloride) 

Hay 

Total 

Per  cent  protein  in  ration 


3:2 

pounds 

373.8 

42.0 

4.2 

280.0 

700.0 


1:1 

pounds 

369.4 

41.5 

4.1 

415.0 

830.0 


2:3 

pounds 

455.7 

512 

5.1 

768.0 

1280.0 


12.6 


11.9 


11.9 
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was  used.  When  U.  S.  No.  1  grade  of  timothy-clover  nurture  was 
used  a  5  per  cent  soybean  oilmeal  concentrate  ration  did  not  im- 
prove a  corn  ration,  and  a  10  per  cent  soybean  oilmeal  concen  ra  e 
Son  did  not  improve  a  5  per  cent  soybean  oilmeal  concentrate 

ration. 

The  lambs  fed  a  ration  of  soybean  oilmeal  35  parts  corn  64  parts 
and  U  S  No.  1  red  clover  hay  gained  on  the  average  15  per  cent 
more  rapidly  and  required  13  per  cent  less  feed  than  paired  mates 
Sd  a  raUon  of  soybean  oilmeal  10  parts,  corn  89  parts,  and  red 
clover  hay. 

The  lambs  fed  a  ration  with  a  concentrate-to-hay  ratio  of  2:3 
required  46  and  73  per  cent  more  feed  per  unit  of  gam  than  the 
lambs  fed  the  rations  with  the  concentrate-to-hay  ratios  of  1:1  and 
3:2,  respectively. 

The  lambs  fed  a  ration  with  a  concentrate-to-hay  ratio  of  3:2 
required  19  and  74  per  cent  less  feed  per  unit  of  gam  than  the 
lambs  fed  a  ration  with  the  concentrate-to-hay  ratios  of  1:1  and 
2:3,  respectively. 

The  lambs  fed  a  ration  of  soybean  oilmeal  35  parts,  corn  64  parts 
and  red  clover  hay  with  the  grain-to-hay  ratio  of  3: 2  made  the  most 
economical  gains  regardless  of  price  of  feeds.    This  ration  con- 
tained 17  per  cent  protein. 

The  lambs  fed  a  ration  of  soybean  oilmeal  35  parts,  corn  64  parts, 
and  red  clover  hay  made  the  most  economical  gains  irrespective 
of  the  concentrate  to  hay  ratio. 

CONCLUSIONS 

The  lambs  fed  a  ration  of  3  parts  of  a  concentrate  mixture  com- 
posed of  35  per  cent  soybean  oilmeal,  64  per  cent  yellow  corn  and  1 
per  cent  sodium  chloride  (common  salt)  and  2  parts  of  clover- 
timothy  hay  made  the  most  economical  and  rapid  gains  from  time 
of  weaning  until  they  reached  70  pounds  liveweight.  This  ration 
contained  17  per  cent  protein. 

The  lambs  fed  a  ration  composed  of  2  parts  of  a  concentrate 
mixture  of  10  per  cent  soybean  oilmeal,  89  per  cent  yellow  corn 
and  1  per  cent  sodium  chloride  and  3  parts  of  red  clover  hay  made 
the  most  expensive  gains.  This  ration  contained  only  12  per  cent 
protein. 

The  low  roughage  rations  were  the  most  economical  and  pro- 
duced the  most  rapid  gains. 

No  detrimental  effects  were  observed  in  the  rations  with  high 
percentages  of  soybean  oilmeal. 


est  of  the  consumer.  In  others, 
research  is  not  much  of  a  factor. 
Some  manufacturers  regularly 
and  painstakingly  check  every 
ingredient  to  make  sure  it  meets 
specifications  before  it  is  used  in 
the  roofing.  They  maintain  a 
careful  system  of  production  con- 
trol while  in  others  this  is  given 
very  little  importance  and  may 
result  in  material  getting  into  the 
hands  of  the  consumer  before  the 
irregularity  is  spotted. 

Asphalt    shingles    are    merely 
slate  rolls  cut  into  patterns. 

Over  a  period  of  years,  manu- 
facturers have  created  a  wide 
variety  of  designs  and  colors  of 
shingles  in  order  not  to  be  out- 
done by  a  competitor.  Unfortu- 
nately, sales  effort  has  been 
focused  on  those  shingle  designs 
which  make  it  easier  for  the  con- 
tractor to  bid  low  on  a  job  or  to 
show  the  consumer  a  price  advan- 
tage. The  line  of  least  resistance 
has  been  chosen  rather  than  the 
method  of  helping  the  consumer 
select  a  pattern  which  will  give 
him  proper  weight,  coverage, 
permanence  of  color,  head  lap 
and  durability  for  the  specific  roof 
in  question.  ^ 

These  were  some  of  the  findings 
which  your  organization  made  as 
it  delved  into  this  proposition. 

With  its  own  thoughts  carefully 
correlated,  the  final  check  was  a 
personal  visit  to  the  Bureau  of 
Standards  in  Washington,  D.  C, 
where  research,  on  an  unbiased 
basis,  has  dealt  with  this  subject 
for  13  years. 

Selected  types  of  roll  roofing 
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A  pj 

obtain  from  manure 
sources  of  supply.  As 
this  element  is  quite 
in  the  early  stages  oi 
considerable  amount 
should  be  in  nitrate  i' 
form  is  immediately  i 
the   growing   plant,  j 
half  to  two-thirds  (\ 
nitrogen  should  be 
form,  the  remainder  i:j 
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Pennsylvania 


Agricultural  Experiment  Station 


A    wv.pt.  TT  S  No  1  grade  of  timothy-clover  mixture  was 

XrrnTCov"' a%"pS'r.  s„,U„  0U,..a:  concentrate 

ration.  ..        , 

The  lambs  fed  a  ration  of  soybean  oil-ea\^35  parts^corn  64  parts 
^  TT  c;  No   1  red  clover  hay  gamed  on  the  average  lo  pei  cent 

clover  hay. 

The  lambs  fed  a  ration  with  a  concentrate-to-hay  ratio  of  2:3 
requrred'e  and  73  per  cent  more  feed  per  unit  of  gaxn  than  the 
[ambs  fed  the  rations  with  the  concentrate-to-hay  ratios  of  1.1  and 
3:2,  respectively. 

The  lambs  fed  a  ration  with  a  concentrate-to-hay  ratio  of  3:2 
requtedt  and  74  per  cent  less  feed  per  unit  of  gain  than  the 
lambs  fed  a  ration  with  the  concentrate-to-hay  ratios  of  1.1  and 
2:3,  respectively. 

The  lambs  fed  a  ration  of  soybean  oilmeal  35  parts,  corn  64  parts 
and  red  clover  hay  with  the  grain-to-hay  ratio  of  3: 2  made  the  most 
economical  gains  regardless  of  price  of  feeds.    This  ration  con- 
tained  17  per  cent  protein. 

The  lambs  fed  a  ration  of  soybean  oilmeal  35  parts,  corn  64  parts, 
and  red  clover  hay  made  the  most  economical  gains  irrespective 
of  the  concentrate  to  hay  ratio. 

CONCLUSIONS 

The  lambs  fed  a  ration  of  3  parts  of  a  concentrate  mixture  com- 
posed of  35  per  cent  soybean  oilmeal,  64  per  cent  yellow  corn  and  1 
per  cent  sodium  chloride  (common  salt)  and  2  parts  of  clover- 
timothy  hay  made  the  most  economical  and  rapid  gains  from  time 
of  weaning  until  they  reached  70  pounds  liveweight.  This  ration 
contained  17  per  cent  protein. 

The  lambs  fed  a  ration  composed  of  2  parts  of  a  concentrate 
mixture  of  10  per  cent  soybean  oilmeal,  89  per  cent  yellow  corn 
and  1  per  cent  sodium  chloride  and  3  parts  of  red  clover  hay  made 
the  most  expensive  gains.  This  ration  contained  only  12  per  cent 
protein. 

The  low  roughage  rations  were  the  most  economical  and  pro- 
duced the  most  rapid  gains. 

No  detrimental  effects  were  observed  in  the  rations  with  high 
percentages  of  soybean  oilmeal. 


zu 


est  of  the  consumer.  In  others, 
research  is  not  much  of  a  factor. 
Some  manufacturers  regularly 
and  painstakingly  check  every 
ingredient  to  make  sure  it  meets 
specifications  before  it  is  used  in 
the  roofing.  They  maintain  a 
careful  system  of  production  con- 
trol while  in  others  this  is  given 
very  little  importance  and  may 
result  in  material  getting  into  the 
hands  of  the  consumer  before  the 
irregularity  is  spotted. 

Asphalt    shingles    are    merely 
slate  rolls  cut  into  patterns. 

Over  a  period  of  years,  manu- 
facturers   have    created    a    wide 
variety  of  designs  and  colors  of 
shingles  in  order  not  to  be  out- 
done by  a  competitor.  Unfortu- 
nately,    sales    effort    has    been 
focused  on  those  shingle  designs 
which  make  it  easier  for  the  con- 
tractor to  bid  low  on  a  job  or  to 
show  the  consumer  a  price  advan- 
tage. The  line  of  least  resistance 
has  been  chosen  rather  than  the 
method  of  helping  the  consumer 
select  a  pattern  which  will  give 
him    proper    weight,    coverage, 
permanence   of  color,    head   lap 
and  durability  for  the  specific  roof 
in  question.         ^ 

These  were  some  of  the  findings 
which  your  organization  made  as 
it  delved  into  this  proposition. 

With  its  own  thoughts  carefully 
correlated,  the  final  check  was  a 
personal  visit  to  the  Bureau  of 
Standards  in  Washington,  D.  C, 
where  research,  on  an  unbiased 
basis,  has  dealt  with  this  subject 
for  13  years.  \ 

Selected  types  of  roll  roofing 
and  shingles,  designed  to  furnish 
value  in  usage  on  specific  build- 
ings, constitute  the  Eastern  States 
asphalt  roofing  service  which  will 
be  introduced  soon  through  Ex- 
change warehouses. 

Further  information  on  this 
subject  will  appear  in  future  is- 
sues of  the  Cooper ATOR.  In  the 
meantime,  your  fieldman,  ware- 
house personnel  or  the  Spring- 
field office  is  prepared  to  discuss 
this  subject  with  you. 
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Jacob   llerr  of  Lancaster,   Pennsylvania,  fertilized   his   1939   Pennsylvania  cigar-leaf  tohacxo  with 
Eastern  States  5-10-20  at  the  rate  of  500  pounds  to  the  acre.  U.s  results  were  excellent 

The  Fertilizer  Needs  of 
Pennsylvania  Tobacco 

By  D.  E.  Haley 


Mr.  Haley  is  professor  of  soil  and 
phytochemistry  at  the  Pennsylvania 
State  College. 

In  recommending  a  given 
fertilizer  treatment  for  Pennsyl- 
vania cigar-leaf  tobacco,  ques- 
tions as  to  the  quantity  to  be  ap- 
plied, the  formula  of  the  mixture 
and  the  form  in  which  the  fer- 
tilizing constituents  occur,  re- 
ceive due  consideration.  Of  possi- 
bly greater  importance,  however, 
is  whether  these  constituents  are 
available  to  the  growing  crop 
and  at  the  proper  time. 

The  tobacco  crop  makes  a 
relatively  heavy  demand  on  many 
mineral  nutrients  during  its  short 
period  of  growth.  This  makes  it 
imperative    for    every    plant    to 


possess  a  good  root  system,  a 
point  which  was  stressed  in  the 
November  issue  of  the  Coopera- 

TOR. 

It  is  fairly  well  recognized  that 
the  tobacco  plant  should  be  kept 
in  a  condition  of  active  growth 
from  the  time  the  seed  has  ger- 
minated until  the  plant  reaches 
maturity,  insofar  as  it  is  humanly 
possible  to  do  so.  Aside  from  the 
physical  condition  of  the  soil  and 
its  available  water  supply,  certain 
fertilizer  constituents  play  an 
important  role  in  this  connection. 
A    few   of   these   may    now    be 

mentioned. 

Nitrogen:  Pennsylvania  cigar- 
leaf  tobacco  appears  to  require 
from  30  to  40  pounds  of  nitrogen 
per  acre  in  the  form  of  commer- 
cial fertilizers,  plus  what  it  may 
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A  partial  view  of  the  three-year  rotation  experiment  at  Roseville,  Pennsylvania,  in  the  spring  of  193Q 


obtain  from  manure  and  other 
sources  of  supply.  As  the  need  for 
this  element  is  quite  pronounced 
in  the  early  stages  of  growth,  a 
considerable  amount  of  nitrogen 
should  be  in  nitrate  form,  as  this 
form  is  immediately  available  for 
the  growing  plant.  From  one- 
half  to  two-thirds  of  the  total 
nitrogen  should  be  in  available 
form,  the  remainder  in  an  organic 
form  such  as  cottonseed  meal, 
from  which  nitrate  nitrogen  may 
be  derived  later  in  the  growing 
season. 

It  is  known  that  plants  may 
tolerate  relatively  large  quanti- 
ties of  nitrogen  under  certain 
conditions  and  without  any  ap- 
preciable ill  effects  from  the 
standpoint  of  growth.  From  the 
standpoint  of  quality,  however, 
such  a  condition  should  be 
avoided,  as  certain  of  the  ni- 
trogen-con taininc;  constituents  of 
the  leaf  a r  not  broken  down  dur- 
ing fermentation  and  later  inter- 
fere with  thi  burn"  of  the  leaf 
and  likewise  rlie  equality  of  the 
smoke. 

On  the  other  1  and,  conditions 
may  and  do  ari>  where  plants 
suffer  for  want  o*  nitrogen,  es- 
pecially in  the  early  stages  of 
growth,  notwithstanding  the 
fact  that  considerable  quantities 
of  nitrogen  may  have  been  added. 
The  plowing  under  of  old  clover 
and  alfalfa  stubble,  or  the  addi- 


tion of  fresh  cow  manure  may 
induce  such  a  condition,  as  the 
microorganisms  involved  in  the 
decay  of  such  materials  may  com- 
pete with  the  tobacco  for  the 
available  nitrogen. 

The  continued  utilization  of 
nitrogen  may  be  seriously  inter- 
fered with,  if  not  rendered  im- 
possible, in  the  case  of  a  drought. 
In  the  case  of  an  incipient  drought, 
starch  and  other  carbohydrates 
may  be  found  in  the  leaf.  In  the 
case  of  a  prolonged  drought,  this 
may  not  be  true.  Plants  are  only 
able  to  utilize  nitrogen  when 
starch  and  sugars  are  present. 
In  certain  forms,  it  may  even 
prove  deleterious  when  these 
compounds  are  lacking. 

While  a  drought  cannot  be 
prevented,  its  harmful  effects  may 
be  considerably  reduced  by  fol- 
lowing corn  rather  than  clover  or 
alfalfa  with  tobacco  and  using 
fairly  well  rotted  rather  than 
fresh  manure  wherever  possible 
in  addition  to  ample  quantities 
of  a  well-balanced  fertilizer  mix- 
ture. 

Potassium:  For  many  years  a 
number  of  our  growers  failed  to 
use  sufficient  quantities  of  pot- 
ash fertilizers,  although  in  many 
areas  this  element  appears  to  be  a 
limiting  factor  of  growth.  The 
general  improvement  in  the  qual- 
ity of  the  Pennsylvania  tobacco 
crop,     so    noticeable    in    recent 


years,  may  be  attributed  in  large 
measure  to  the  extended  use  of 
potash  fertilizers. 

Although  potassium  is  found 
as  potash  salts  in  the  fertilizer 
mixture,    which    are    soluble    in 
water,   very  little  of  the  potas- 
sium is  found  in  a  water-soluble 
form   following    an    application 
of  this  element   to   the   soil.    If 
brought   into   contact   with   the 
roots  of  the  plant,  however,  it 
may  be  absorbed.  In  large  meas- 
ure,   the  quantity   of  potassium 
absorbed    is    closely    correlated 
to   the  extent   of  root   develop- 
ment. This  involves,  among  other 
things,   good  drainage,  frequent 
cultivation,    available    moisture 
and  a  comparative  freedom  from 
organic  residues  which  are  slow 
to    decompose,    such    as    clover 

stubble. 

The  reasons  why  potassium  is 
of  paramount  importance  to  the 
tobacco  crop  are  not  difficult  to 
find.  For  example,  it  favors  the 
formation  and  stability  of  pro- 
teins which  are  absolutely  neces- 
sary to  the  health  of  the  plants. 
In  the  absence  of  the  necessary 
quantity,  non-protein  compounds 
may  accumulate  —  a  condition 
to  be  avoided. 

In  combination  with  citric  and 
other  acids,  potassium  contrib- 
utes to  the  fermentability  of  the 
leaf,  to  its  "burn"  and  to  the 
sweetness  of  the  smoke. 


Potash  fertilization  and  disease 
resistance,  in  large  measure,  ap- 
pear to  go  hand-in-hand.  On 
many  occasions  during  the  season 
of  1939,  however,  such  a  rela- 
tionship did  not  appear  to  exist. 
These  instances,  however,  may 
be  definitely  related  to  the  lack 
of  potash  absorption.  Notwith- 
standing the  fact  that  large  quan- 
tities may  have  been  added  to  the 
soil,  the  plants  involved  showed 
potash  deficiencies  in  every  case 
observed,  there  not  being  enough 
soil  moisture  to  facilitate  ab- 
sorption. 

Our  tobacco  soils  appear  to 
require  from  120  to  160  pounds  of 
potash  per  acre.  For  best  results, 
the  potash  content  of  the  leaf 
should  be  equal  or  slightly  in  ex- 
cess of  the  nitrogen  content.  A 
ratio  of  two  parts  of  nitrogen  to 
one  of  potassium  is  unsatisfactory 
from  the  standpoint  of  both 
yield  and  quality. 

Phosphorus:  Our  soils  appear  to 
require  approximately  80  pounds 
of  phosphoric  acid  per  acre  in  the 
form  of  commercial  fertilizers. 
This  quantity  may  at  first  be 
considered  excessive  as  the  crop 
itself  does  not  contain  a  large 
quantity  of  this  element.  The 
beneficial  effects  of  phosphoric 
acid,  however,  appear  to  be  in- 
direct as  well  as  direct. 

Fertiliser  Recommendations:  It  has 
been  recommended  for  the  aver- 
age farm  in  Lancaster  county,  the 
center  of  the  cigar-leaf  industry 
of  Pennsylvania,  that  either  a 
3-8-12,  a  4-8-12  or  a  3-8-16  mix- 
ture may  be  used  to  advantage  in 
quantities  of  1000  pounds  per 
acre  to  tobacco  following  corn  in 
the  rotation,  with  at  least  10 
tons  per  acre  of  farm  manure 
in  a  fairly  well-rotted  condition 
wherever  possible. 

The  ill  effects  of  clover  resi- 
dues or  fresh  manure  may  be  par- 
tially or  wholly  overshadowed 
where  the  temperature  is  opti- 
mum for  growth  and  where  the 
rainfall  has  been  both  ample  and 
well  distributed. 


What  Happens  If  Hybrid 
Sweet  Corn  Is  Planted 


By  0.  H.  Pearson 


Dr.  Pearson  directs  the  Exchange' s 
vegetable  plant  breeding  operations^ 
which  include  field  trials  in  several 
sections.  \ 

JTIybrid  sweet  corn  is  be- 
coming widely  known  for  its  uni- 
formity, productivity  and  quality 
and  the  better  hybrids  will  sur- 
pass standard  varieties  in  all  three 
counts.  The  word  "hybrid"  is 
literally  the  result  of  breeding 
together  two  unlike  parents,  and 
need  not  be  applied  only  to  the 
first  cross.  Later  generations  from 
a  cross  of  two  unlike  parents,  no 
matter  how  uniform  is  the  im- 
mediate result  (Fl)  of  the  cross, 
always  "break  up"  or  vary  in  the 
characters  in  which  the  parents 
differed.  If  enough  individuals  of 
such  a  second  generation  (F2)  are 
observed,  some  that  closely  re- 
semble each  parent  will  be  found, 
as  well  as  a  large  number  that  are 
similar  to  the  first  generation 
(Fl).  Intergrades  will  make  up 


the  largest  portion  of  the  group 
and  new  forms  not  found  in  either 
parent  or  in  the  first  generation 
hybrid  may  appear. 

First  generation  hybrid  sweet 
corn  seed  will  produce  a  uniform 
crop  of  good  quality  ears,  but  as 
you  can  see,  crops  grown  from 
seed  saved  even  from   the  most 
uniform   hybrid    may    be    disap- 
pointing.   Instances    are    known 
where  seed  has  been  saved  from 
Golden  Cross    Bantam    and    the 
results  were  unsatisfactory,   and 
similarly  seed  saved  from  other 
crosses  produce    crops    that    are 
inferior.  There  is  a  strong  tempta- 
tion to  save   seed   from   crosses 
which  are  exceptionally  good  and 
on  which  the  supply  of  seed  is 
limited,  but  it  may  be  that  the 
results  will  not  justify  planting 
such  second  generation  seed. 

In  1938  we  heard  of  such  a 
planting  made  by  Arthur  G.  Low 
of  Derry,  New  Hampshire,  using 
seed  saved  from  a  field  of  Marcross 
6-13  the  previous  year.  A  visit  to 


These  two  rows  of  sweet  corn  ears  sl.ow  the  results  of  Arthur  0.  1  ow's  comparison  "J. '^"''f'^f'  ''^;«'^"' 
I  nese  ^^"  "'**;"*  J*'' ""  ^  ^„  .  ,.  ^  „rr»rliir.t  ftoii  row )  of  -.MM  savcl  from  a  crop  of  this  hybrid.  Uni- 
Marcross  6-13  (bottom  row)  and  the  product  (top  rou;  oi    . «  >  dissinated  bv  the  "breakina  up'' 

formity  being  one  of  the  virtues  of  quahty  sweet  corn,  not,  '   '     »";  ^  dissipated  by  the    breakmg  up 

of  the  hybrid  in  Us  se<M)n,l     .  neralion 
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this  planting  showed  the  danger 
which  was  involved  in  such  a 
practice  because  the  plants  were 
uneven,  the  ears  variable  in 
length  and  the  whole  crop  about 
on  a  par  with  many  locally  grown 
varieties.  There  were  also  a  large 
number  of  barren  plants  present. 
Only  a  little  of  first  generation 
seed  was  planted  in  this  field,  so 
no  accurate  comparison  could  be 

made.  i  / 

Seed  was  collected  in  1938  from 
a  field  of  first  generation  Marcross 
6-13  and  100  feet  each  of  this  and 
of  first  generation  Marcross  6-13 
were  planted  in  adjacent  rows  at 
Feeding  Hills,  Massachusetts,  in 
1939.  Moisture  supply  was  ample, 
in  spite  of  the  dry  season.  Because 
of  lack  of  space,  one  seed  was 
planted  every  four  inches.  This 
was  not  expected  to  influence  any 
of  the  characters  to  be  measured, 
except  possibly  ear  length. 

There  proved  to  be  some  differ- 
ence in  stand,  as  the  first  genera- 
tion seed  produced  only  80  per- 
cent of  expected  plants,  and  the 
local  seed  produced  93  percent. 
This  probably  is  due  to  the  use  of 
the  inbred  Conn.  6  as  a  seed  parent 
in  the  case  of  the  first  generation, 
seed  of  which  is  distinctly  smaller 
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and  possibly  weaker.  The  kernels 
of  the  ear  produced  by  this  seed 
(and  which  were  saved  as  second 
generation)  are  large,  well  filled, 
and  possibly  should  show  a  better 

stand. 

In    the    figure    showing    the 
height  of  each  plant  to  the  base 
of  the  tassel,  there  appear  to  be 
approximately  two  percent  of  each 
group  less  than  30  inches  tall,  and 
practically  the  same  proportion 
in  each  from  30-38  inches  tall. 
These    smaller   plants    are   quite 
possibly  the  result  of  attack  by 
soil-borne   diseases   of   the   root 
system,  or  the  normal  occurrence 
of  plants  with  defective  root  sys- 
tems.   The   classification   of  the 
plants  that  were  more  than  39 
inches  tall  show  that  the  second 
generation  plants  were  definitely 
taller  than  the  first  generation, 
probably   approaching   the   type 
of  one   of  the   parent   varieties, 
Whipple.    Many    of    the    plants 
were  distinctly  pale  green.  The 
two   lots   appeared   to   be  quite 
unlike  each  other. 

At  maturity  in  the  fall,  all  the 
ears  were  picked,  measured,  rows 
counted,  and  the  number  showing 
the  dropping  out  of  a  pair  of  rows 
noted.  Because  the  plants  stood 


This  very  scientific  looking  graph 
shows  the  plant  height  characteristics 
of  Eastern  States  Marcross  6-13  in 
contrast  to  corn  grown  from  a  plant- 
ing of  seed  saved  from  a  crop  of  the 
same  hyhrid.  Number  1552  is  the 
hybrid's  descendant,  whereas  1558 
is  the  hybrid,  itself 


SO  close  in  the  row,  no  weight 
can  be  given  to  results  that  might 
indicate  yielding  ability.  Further 
study  will  have  to  be  given  this 
point.  .Certain     differences     did 
stand  out.  There  was  a  difference 
in  average  ear  length,  the  second 
generation    averaging    .85    inch 
shorter.  Also,  more  than  75  per- 
cent of  the  ears  of  the  first  genera- 
tion  group  are  over   55   inches 
long,  but  less  than  45  percent  of 
the    ears    of    the    other    group 
reached  this  length. 

In  the  case  of  row  number,  over 
70  percent  of  the  ears  of  the  first 
generation  group  fell  in  the  12- 
row  class,  and  over  50  percent  of 
the   second   group  were   in   this 
class.  There  were  a  few  more  ears 
with  larger  row  numbers  in  the 
second   generation   group.    Also, 
there  were  twice   as  many  ears 
with  dropped  out  rows  as  in  the 
first  generation  group.  From  these 
figures  it  would  appear  that  the 
ears    of    the    second    generation 
group  were  more  bulky  and  this  is 
true  as  far  as  the  ear  itself  is  con- 
cerned.   However,    we    observed 
that  the  husk  covering  on  these 
ears    is    thinner    than    on    first 
generation    ears,     and    this    to- 
gether with  their  shorter  lengthy 
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It  is  now  recognized  that  the  rat  is  not  only  able  to  subsist  indef- 
initely on  a  diet  that  is  markedly  scorbutogenic  to  the  guinea  pig,  but 
while  doing  so,  stores  in  its  tissues  and  excretes  in  its  urine  measur- 
able amounts  of  ascorbic  acid.  Workers  in  this  field  are  not  m 
complete  agreement  regarding  the  relationship  of  the  composition 
of  the  ingested  diet  to  the  amounts  of  ascorbic  acid  stored  and 
excreted  by  the  rat.  Some  investigators^'^  have  contended  that  the 
composition  of  the  diet  is  an  influencing  factor,  while  other  inves- 
tigators^ have  failed  to  demonstrate  that  ascorbic  acid  output  is 
affected  by  changes  in  dietary  ingredients.    Other  investigators  - 
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and  possibly  weaker.  The  kernels 
of  the  ear  produced  by  this  seed 
(and  which  were  saved  as  second 
generation)  are  large,  well  filled, 
and  possibly  should  show  a  better 

stand. 

h^/  the  figure  showing  the 
height  of  each  plant  to  the  base 
of  the  tassel,  there  appear  to  be 
approximately  two  percent  of  each 

group  less  than  30  inches  tall,  and 
practically  the  same  proportion 
in  each  from  30-38  inches  tall. 
These    smaller   plants    are   quite 
possibly  the  result  of  attack  by 
soil-borne   diseases   of   the   root 
system,  or  the  normal  occurrence 
of  plants  with  defective  root  sys- 
tems.   The   classification   of  the 
plants  that  were  more  than  39 
inches  tall  show  that  the  second 
generation  plants  were  definitely 
taller  than  the  first  generation, 
probably   approaching   the   type 
of  one   of  the   parent   varieties, 
Whipple.    Many    of    the    plants 
were  distinctly  pale  green.  The 
two   lots   appeared   to   be  quite 
unlike  each  other. 
At  matgxritv  in  the 


This  very  scientific  looking  graph 
shows  the  plant  height  characteristics 
of  Eastern  States  Marrross  6-13  in 
contrast  to  corn  grown  from  a  plant- 
ing of  seed  saved  from  a  crop  of  the 
same  hyhrid.  Number  1552  is  the 
hybrid's  descendant,  whereas  1558 
is  the  hybrid,  itself 


SO  close  in  the  row,  no  weight 
can  be  given  to  results  that  might 
indicate  yielding  ability.  Further 
study  will  have  to  be  given  this 
point.  .Certain  differences  did 
stand  out.  There  was  a  difference 
in  average  ear  length,  the  second 
generation  averaging  .85  inch 
shorter.  Also,  more  than  75  per- 
cent of  the  ears  of  the  first  genera- 
tion group  are  over  55  inches 
long,  but  less  than  45  percent  of 
the  ears  of  the  other  group 
reached  this  length. 

In  the  case  of  row  number,  over 
70  percent  of  the  ears  of  the  first 
generation  group  fell  in  the  12- 
row  class,  and  over  50  percent  of 
the  second  group  were  in  this 
class.  There  were  a  few  more  ears 
with  larger  row  numbers  in  the 
second  generation  group.  Also, 
there  were  twice  as  many  ears 
with  dropped  out  rows  as  in  the 
first  generation  group.  From  these 
figures  it  would  appear  that  the 
ears  of  the  second  generation 
group  were  more  bulky  and  this  is 
true  as  far  as  the  ear  itself  is  con- 
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composition  of  the  diet  is  an  influencing  factor,  while  other  inves- 
tigators^ have  failed  to  demonstrate  that  ascorbic  acid  output  is 
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Carbohydrates  on  Urinary  Excretion  Ascorbic  Acid 


have  contended  that  the  ordinary  constituents  of  the  diet,  such  as 
sugar,  fats  and  proteins,  have  no  effect  on  the  urinary  excretion  of 
ascorbic  acid  by  the  rat,  but  that  high  rates  of  excretion  can  be 
induced  by  feeding  oats,  oat  oil,  the  unsaponifiable  portion  of  oat  oil, 
halibut  liver  oil  and  certain  cyclic  compounds  of  the  terpene  and 
sesqui-terpene  series.  Early  reports  by  this  group  of  investigators 
postulated  the  existence  of  a  precursor  from  which  the  ascorbic  acid 
was  formed  by  the  rat.  In  the  later  reports,  however,  these  authors 
abandon  this  view  and  postulate  that  the  ascorbic  acid  is  formed 
through  intermediary  metabolism,  a  view  previously  expressed  by 
other  investigators.^ 

Because  of  the  conflicting  reports  concerning  the  possible  origin 
of  ascorbic  acid  in  the  body  of  the  rat,  as  well  as  those  concerning 
factors  influencing  its  elimination,  it  seemed  desirable  that  our 
previous  studies  be  repeated,  especially  those  relating  to  the  carbo- 
hydrate portion  of  the  diet.  The  present  report  contains  some  of 
the  data  obtained  in  the  course  of  the  latter  investigation. 

Experimental.  In  our  studies  we  have  used  half-grown  rats  as 
the  experimental  subjects.  In  order  to  collect  the  urine  quantita- 
tively, the  animals  were  maintained  in  individual,  cylindrical,  gal- 
vanized wire  cages,  each  of  which  was  suspended  above  a  10-inch 
glass  funnel.  Beneath  the  funnel  was  placed  a  small  glass  vessel 
containing,  as  a  preservative,  4  ml  of  metaphosphoric  acid  solution 
( 10%  )  to  which  had  been  added  a  trace  of  8-hydroxy-quinolin  and  a 
one-fourth-inch  layer  of  paraffin  oil.  The  cages  were  provided  with 
galvanized  wire  bottoms  with  mesh  of  sufficient  size  to  allow  all  fecal 
particles  to  pass  through.  Under  each  cage  was  placed  a  finer  gal- 
vanized wire  screen  to  prevent  the  fecal  matter  from  entering  the 
funnel.  In  order  to  further  minimize  contaminants,  which  might 
enter  the  funnel,  the  cages  were  provided  with  special  food  cups  and 
drinking  fountains.  Each  cage  and  its  supplementary  equipment 
were  cleaned  thoroughly  at  weekly  intervals  and,  when  necessary, 
the  funnels  v/ere  changed  daily. 

The  collections  of  urinary  samples  were  begun  as  soon  as  the 
animals  were  transferred  to  the  metabolism  cages  and  fed  the  experi- 
mental diet.  The  24-hour  collections  of  urine  were  removed  at  a 
definite  time  each  day,  their  volumes  recorded  and  aliquots  titrated 
with  Na  2,6-dichlorobenzenone  indophenol  solution  (175  mg  of  the 
dye  in  500  ml  of  hot  water). 

The  diets  used  in  these  studies  were  composed  of  fat-free  casein 
18,  salt  mixture  3,  Cell  U  flour  2,  fat-free  yeast  8  and  fat-free  carbo- 
hydrate 77  parts.     In  the  majority  of  experiments,  the  fat-soluble 
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vitamins  were  furnished  as  beta  carotene  and  calciferol.  In  a  few 
instances  these  vitamins  were  supplied  by  adding  2  parts  of  cod  liver 
oil  to  the  basal  diet.  The  carbohydrates  used  were:  dextrinized  corn 
starch,  raw  corn  starch,  sucrose,  glucose,  and  in  a  limited  number  of 
feeding  periods  of  short  duration,  mannose,  sorbose,  fructose  and 
lactose.    The  amount  of  food  consumed  daily  by  each  animal  was 
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recorded  and  the  amount  fed  was  only  slightly  in  excess  of  that 
consumed  during  the  previous  24  hours. 

In  the  instance  of  the  first  series  of  animals,  all  animals  were  fed 
the  diet  containing  the  dextrinized  corn  starch  during  the  first  period. 
This  was  followed  by  the  sucrose-containing  diet,  the  glucose- 
containing  diet  and  the  starch-containing  diet,  respectively.  At  the 
termination  of  the  studies  with  these  diets,  the  animals  were  again 
fed  the  dextrinized  corn  starch  diet  for  a  period  of  several  weeks. 
With  subsequent  series  of  animals,  diets  of  similar  composition  were 
used,  the  experimental  difference  being  in  the  sequence  in  which 
they  were  fed  to  the  test  animals. 

Since  space  does  not  permit  the  presentation  of  all  the  data  at 
this  time,  only  the  condensed  data  relating  to  the  urinary  ascorbic 
acid  output  of  4  typical  animals  from  the  first  series  are  given 

The  duration  of  the  various  feeding  periods  were  8,  5,  4,  4  and  4 
weeks,  respectively.  The  urinary  ascorbic  acid  elimination  has  been 
expressed  as  the  average  daily  output  for  the  entire  period  during 
which  each  of  the  respective  diets  was  fed.  In  order  to  indicate  the 
probable  carry-over  effect  of  one  diet  on  the  succeeding  diet,  the 
average  daily  urinary  ascorbic  acid  output  for  the  last  week  of  each 
feeding  period  is  given  on  the  right  of  the  graph  (Fig.  1). 

Discussion.  With  all  of  the  animals  used,  the  urinary  ascorbic 
acid  output  was  greatest  while  the  animals  were  consuming  the  diet 
containing  the  dextrinized  corn  starch.  This  was  found  to  be  true 
irrespective  of  the  sequence  in  which  the  diets  were  fed.  On  the 
other  hand,  in  most  instances,  these  same  animals  eliminated  the 
smallest  quantity  of  ascorbic  acid  while  consuming  the  glucose- 
containing  diet.  However,  the  frequency  of  the  latter  observation 
seemed  to  depend  somewhat  on  the  sequence  in  which  the  glucose 
diet  was  fed. 

The  greater  ascorbic  acid  elimination  resulting  from  the  con- 
sumption of  the  diet  containing  the  dextrinized  corn  starch  as 
compared  to  the  other  diets,  does  not  appear  to  be  readily  explain- 
able from  the  data  at  hand.  While  the  average  daily  consumption 
of  the  dextrinized  corn  starch  was  slightly  greater  than  the  consump- 
tion of  the  other  diets  and  while  there  seemed  to  be  a  slight  correla- 
tion between  daily  food  intake  and  the  amount  of  urinary  ascorbic 
acid,  this  observation  is  sufficient  only  to  explain  a  small  portion 
of  the  increase  in  ascorbic  acid  elimination.  The  inadequacy  of  such 
an  explanation  can  be  readily  observed  from  the  fact  that  animal 
No.  24022  consumed  as  much  of  the  respective  diets  as  did  animal 
No.  2401 1  and,  while  doing  so,  eliminated  only  about  one-third  as 
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much  urinary  ascorbic  acid  as  did  the  latter  animal.  However,  it 
may  be  stated  that  the  relative  amounts  of  ascorbic  acid  eliminated 
by  the  various  animals  while  receiving  the  sequence  of  diets  were  of 
the  same  order  of  magnitude  for  the  respective  diets. 

The  question  as  to  why  greater  amounts  of  ascorbic  acid  were 
excreted,  while  the  rats  were  consuming  the  dextrinized  corn  starch 
diet,  than  when  the  raw  corn  starch  diet  was  consumed,  cannot  be 
answered  at  this  time.  The  possibility  of  the  existence  of  different 
amounts  of  an  ascorbic  acid  precursor  in  the  two  diets  does  not  seem 
tenable,  at  least  in  this  instance.  To  verify  this  point,  some  of  the 
rats,  after  having  been  returned  to  the  dextrinized  corn  starch  diet 
for  several  weeks,  were  given  weighed  amounts  (25,  50  or  100  mg) 
of  carvone  (Eastman  No.  1094)  to  determine  the  effect  of  this 
substance  on  ascorbic  acid  output.  Since  it  was  found  impossible 
to  determine,  quantitatively,  the  amount  of  this  volatile  substance 
actually  consumed  by  the  rats  when  it  was  mixed  with  the  diet,  the 
carvone  was  diluted  with  olive  oil  and  given  by  stomach  tube.  How- 
ever, with  this  procedure,  the  tests  proved  unsatisfactory  in  that  the 
animals  began  to  lose  weight  after  the  administration  of  the  first 
or  the  second  dose  of  carvone  and  the  majority  of  the  test  animals 
died  within  6  or  7  days.  In  no  case  was  there  more  than  a  twofold 
increase  in  the  amount  of  ascorbic  acid  eliminated  in  any  one  day 
and  such  increases  did  not    remain  consistent  from  day  to  day. 

Conclusions.  It  is  apparent  that  the  amount  of  ascorbic  acid 
eliminated  in  the  urine  of  the  rat  depends  upon  at  least  2  major 
factors,  namely,  the  type  of  carbohydrate  ingested  by  the  rat,  and 
the  physiological  variations  within  the  rat  itself.  Since  it  was  fre- 
quently found  that  ascorbic  acid  elimination  varied  as  much  with 
different  animals  as  it  did  with  different  diets,  it  is  evident  that 
the  latter  factor  must  be  given  due  consideration.  The  data  sub- 
mitted, however,  do  not  explain  the  origin  of  the  ascorbic  acid  nor 
do  they  explain  the  differences  in  the  amounts  of  ascorbic  acid 
excreted  in  the  urine  of  different  animals  while  receiving  comparable 
amounts  of  the  same  diet.  A  number  of  theoretical  possibilities 
suggest  themselves  but  these  offer  no  immediate  solution  to  the 
problem.  It  would  serve  no  useful  purpose  to  say  that  the  ascorbic 
acid  is  probably  of  endogenous  origin  or  that  it  has  its  origin  in 
intermediate  metabolites.  Such  suggestions  fall  far  short  of  explain- 
ing the  origin  of  the  ascorbic  acid  in  the  body  of  the  animal  and 
would  be  equally  ineffective  in  explaining  why  different  animals 
excreted  different  amounts  of  this  substance  while  consuming  com- 
parable portions  of  the  same  diet. 
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C.  A.  Knight,  R.  A.  Dutcher,  N.  B.  Guerrant  and  S.  I. 

Bechdel. 

From  the  Department  of  Agricultural  and  Biological  Chemistry,  and  the  Depart- 
ment of  Dairy  Husbandry,  The  Pennsylvania  State  College,  State  College,  Pa. 

Dutcher  and  coworkers,^  Hart,  Steenbock  and  EUis,^  and  Hess, 
Unger  and  Supplee^  presented  evidence  to  show  that  the  diet  of  a 
dairy  cow  influenced  the  antiscorbutic  potency  of  the  milk  produced. 
Using  guinea  pigs  to  test  the  antiscorbutic  potency  of  the  ration 
which  was  fed  and  to  assay  the  milk  which  was  produced,  each  of 
these  groups  of  workers  found  that  milk  obtained  from  cows  on  a 
vitamin-rich  ration  was  definitely  superior  in  antiscorbutic  value  to 
the  milk  derived  from  cows  on  a  vitamin-poor  diet.    These  findings, 
though  widely  accepted,  were  disputed  by  Hughes  and  coworkers,* 
who  concluded  from  a  series  of  experiments  that  the  ration  received 
by  cows  had  no  influence  on  the  antiscorbutic  property  of  their  milk. 
Since  the  development  of  chemical  methods  for  the  quantitative 
determination  of  the  antiscorbutic  factor,  which  was  shown  to  be 
ascorbic  acid,  differences  of  opinion  have  arisen  concerning  the  fac- 
tors which  have  the  greatest  influence  on  the  amount  of  vitamin  C 
in  milk.     It  is  now  generally  agreed,  however,  that  the  vitamin  C 
content  of  milk  is  independent  of  the  season  of  the  year  and  the 
ration  of  the  cow.'    This  fact  has  led  to  the  present  investigation  of 
the  fate  of  ingested  ascorbic  acid  in  the  cow. 

•  Authorized  for  publication  on  March   19,  1940,  a.  Paper  No.  963  in  the 
Journal  Series  of  the  Pennsylvania  Agricultural  E^Pe>-™«°t  ^^T^:.,^„  o  G 

1  Dutcher,  E.  A.,  Eckles,  C.  H.,  Dahle,  C.  D.,  Mead,  S.  W.,  and  Schaffer,  O.  G., 

J.  Biol.  Chem.,  1920,  45,  119.  ,   „.  ,  ,,r         loon  a«  -^m 

2  Hart,  E.  B.,  Steenbock,  H.,  and  Ellis.  N.  R.,  J- /.<>«.  C^m.,  IfJ^^f^ 

8  Hess  A.  F.  Unger,  L.  J.,  and  Supplee,  G.  C.,  ^-^f^t^-'  'f  "'j^'^'t 

4  Hughes,  J.  S.,  Fitch,  J.  B.,  and  Cave,  H.  ^-'/-^'''^f^''^'"-  ^'^^'  '^'  '" 

5  Kon,  8.  K.,  The  Journal  of  Dairy  Research,  1938,  W,  m. 


A  rumen  fistula  was  made  in  a  Holstein  cow.  Experiments  were 
performed  in  which  this  cow  was  fed  (A)  100  g  (2,000,000  Inter- 
national Units)  and  (B)  150  g  of  synthetic  ascorbic  acid  mixed  with 
corn  silage;  100  g  of  ascorbic  acid  were  also  placed  directly  in  the 
rumen  through  the  fistula  opening. 

Similar  results  were  obtained  in  all  of  the  experiments.  No  in- 
crease was  observed  in  the  ascorbic  acid  values  of  the  blood  plasma 
and  of  the  milk  when  compared  with  those  values  obtained  while 
the  cow  was  on  a  standard  ration  unsupplemented  with  the  vitamin. 
A  slight  increase  was  noticed  in  the  amount  of  ascorbic  acid  found 
in  the  24-hour  sample  of  urine  for  the  periods  during  which  the 
vitamin  was  administered. 
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A  rapid  and  pronounced  destruction  of  ascorbic  acid  in  the  rumen 
was  demonstrated  by  removal  and  analysis  of  samples  of  the  rumen 
contents  at  regular  intervals  after  the  cow  had  been  fed  (Figs.  1  and 
2)  Ascorbic  acid  added  to  rumen  contents  in  vitro  and  stored  ma 
da^k-glass,  stoppered  bottle  at  39°-42°C  disappeared  at  much  the 
same  rate  as  that  of  the  in  vivo  experiments.  .  d-.j  n  ^„a 

These  results  are  not  in  accord  with  the  conclusions  of  Riddell  and 
Whitnah'  who  suggested  that  the  rapid  disappearance  of  vitamin  L 
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from  the  rumen  of  a  cow  fed  large  amounts  of  green  rye  was  due 
to  a  quick  absorption  of  the  vitamin. 

In  making  the  above  analyses,  both  the  indophenol  titration  and  the 
Roe  furfural  method  were  employed/  The  latter  method  was  useful 
in  detecting  dehydroascorbic  acid  as  well  as  the  reduced  form  of  the 
vitamin. 

The  authors  wish  to  acknowledge  the  assistance  of  Dr.  J.  F. 
Shigley,  who  performed  the  fistula  operation,  and  to  express  their 
appreciation  for  the  generous  supply  of  ascorbic  acid  furnished  by 
Chas.  Pfizer  and  Company,  New  York. ^ 

6  Bidden,  W.  H.,  and  Whitnah,  C.  H.,  J.  Dairy  Science,  1938,  21,  121. 

7  Roe,  J.  H.,  and  Hall,  J.  M.,  J.  Biol.  Chem.,  1939,  128,  329. 


THE  EFFECTS  OF  HIGH  PRESSURE  ON  THE  ACTIVITY 

OF  PEPSIN  AND  RENNIN 

By  JASON  E.  MATTHEWS,  Jr.,  R.  B.  DOW,  and 
ARTHUR  K.  ANDERSON 

(From  the  Department  of  Agricultural  and  Biological  Chemistry  and  the 
Department  of  Physics,  the  Pennsylvania  State  College,  State  College) 

(Received  for  publication,  June  4,  1940) 

The  general  effects  of  high  hydrostatic  pressure  on  physical  and 
chemical  systems  have  been  studied  intensively  by  Bndgman  (1) 
and  bv  Cohen  (2)  over  a  pressure  range  of  several  thousand  atmos- 
pheres.    Considerable  work  has  been  done  on  the  various  effects 
of  high  pressure  on  biological  systems.    Bridgman  (3)  and  Bndg- 
man and  Conant  (4)  studied  denaturation  by  pressure  of  egg 
albumin  and  solutions  of  carboxyhemoglobm.     Basset  and  his 
associates  (5-9)  reported  the  effect  of  high  pressure  on  the  actm^^ 
ties  of  trypsin,  diastase,  sucrase,  pancreatic  lipase  and  trypsmo 
gen,  as  well  as  the  use  of  pressure  to  control  the  toxicity  of  various 
sera   toxins,  and  venoms.    Other  investigations  by  Frankel  and 
Melkolesi  (lo).  Kite,  Giddings,  and  Weakley  (^jl^^^l^^'^^f^ 
zell   and  Diehl  (12),  and  Dow  and  Matthews  (13)  reported  tne 
Savior  of  enzymes,  bacteria,  and  bovine  blood,  respectively. 

under  similar  conditions.  «    .  „f  u:„v,  nrposure  on 

In  this  paper  we  are  reporting  on  the  effect  o  ^igh  Pres^^^^^^^^^^^^ 

the  activity  of  pepsin  and  rennin     In  the  case  of  t^e  fonnei_  ^^ 
talline  pepsin  was  used.     Since  this  is  known  to  be  ^  P'-otem,  the 
work  wUh  this  enzyme  should  have  double  -gn;^--^^  J^^^j^ 
showing  the  effect  of  pressure  on  a  typical  ^^  f"^^^^^^^^^^ 
throw  some  light  on  the  denaturation  of  a  pure  protem  as  meas 
ured  by  an  important  biological  property. 

Methods 
The  method  of  Northrop  (14)  was  -^d  for  the  Prepar^^^^^^^^ 
crystalline  pepsin,  and  that  of  Anson  and  Mirsky  (15) 
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698  Pepsin  and  Rennin  Activity 

measure  of  its  activity.    The  peptic  unit  of  these  authors  has 
Cn  used  as  the  uixit  of  activity  for  the  results  computed  from 
the  data  of  this  paper.     The  rennin  solution  was  prepared  by  dis- 
solving 100  mg.  of  a  dry  enzyme  preparation  (No.  259,  The  Wilson 
Laboratories)  in  100  cc.  of  distilled  water  with  a  small  crystal  of 
thvmol  for  a  preservative.    The  substrate  was  prepared  from 
^r  powder  to  insure  consistent  and  reproducible  coagulation 
times     50  gm.  of  whole  milk  powder  (Klim,  The  Borden  Com- 
pany) was  dissolved  in  500  cc.  of  distilled  water  and  5  cc.  of  an 
8  per  cent  solution  of  CaCU  added.     200  cc.  of  boiling  water  were 
further  added  to  the  mixture  and,  after  coolmg,  1  volume  of  0.02  M 
sodium  acetate-acetic  acid  buffer  solution  (pH  6.2)  was  added  to 
3  volumes  of  the  milk.     The  method  used  for  determining  activ  ty 
was  a  slight  modification  of  those  of  Tauber  and  Kleiner  (16) 
and  Stone  and  Alsberg  (17).     A  standard  test  so  ut.on  of  rennin 
was  considered  as  one  that  clotted  a  10  cc.  samp  e  of  the  milk  in 
10  minutes  at  40°.     Both  enzyme  solutions  were  freshly  prepared 
nrior  to  each  pressure  treatment.  •    ^.    .    f 

The  method  of  generating  high  hydrostatic  pressure  is  that  oi 
Bridgman  (1).  Pressures  were  measured  in  the  test  chamber  by 
observing  the  change  of  electrical  resistance  with  Pressure  of  a 
coil  of  manganin  wire,  previous  work  having  shown  that  the 
change  of  resistance  varies  linearly  with  change  of  pressure. 

The  pressure  treatments  of  the  pepsin  solutions  were  applied 
at  a  constant  temperature  of  35.5°  by  means  of  a  thermostatically 
controlled  water  bath  that  surrounded  the  test  chamber,  but  the 
treatments  for  the  rennin  solutions  were  performed  at  room  tem- 
nerature  (23°)  without  precautions  to  keep  a  constant  temperature. 
The  activity  of  the  first  is  specified  (15)  at  the  above  temperature 
but  that  of  the  second  is  not  supposed  to  be  critically  dependent 
on  temperature  over  a  moderate  range. 

10  cc  samples  of  the  solutions  were  prepared  for  the  pressure 
treatment  by  being  placed  in  paraffin-lined  contamers  that  sepa- 
rated the  samples  from  the  surrounding  liquid  which  transmitted 
the  pressure  in  the  test  chamber.  One  type  of  contamer,  a 
flexible  tooth  paste  tube,  proved  to  be  very  effective  m  Providing 
mechanical  separation  of  the  liquids,  although  it  wa^  found  that 
aseptic  conditions  could  be  maintained  and  separation  obtained 
equally  well  by  placing  the  samples  in  cylindrical  tubes  and  cover- 
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ing  with  a  thick  layer  of  sterilized  paraffin  oil.  Basset  (5)  and 
Hite  et  al.  (U)  stated  that  no  effects  were  found  in  their  results 
that  were  due  to  the  nature  of  the  containers  they  used,  and  the 
writers  have  obtained  reproducible  data  by  using  both  types  of 
the  containers  that  have  been  described. 

Pressure  was  always  applied  isothermally,  at  such  a  rate  that 
5  or  10  minutes  were  required  to  generate  a  few  thousand  atmos- 
pheres of  pressure.  Accordingly,  the  maximum  change  of  tem- 
perature due  to  generation  or  release  of  pressure  can  be  considered 
to  be  a  fraction  of  a  degree. 

Results 

The  principal  experimental  results  are  shown  by  Figs.  1  to  5. 
Peptic  and  rennin  activities  have  been  measured  as  functions  of 
pressure  and  exposure  time,  at  constant  concentrations  and  tem- 
peratures It  appears  from  the  nature  of  the  curves  that  a  simple 
interpretation  is  impossible  on  the  basis  of  these  data  alone.  How- 
ever, it  seems  desirable  to  call  attention  to  some  of  the  significant 

characteristics  of  the  curves.  ■        .       u      r 

Bridgman  and  Conant  (4)  found  the  denaturation  of  carboxy- 
hemoglobin  by  pressure  to  be  a  first  order  reaction  dependent  on 
the  pH  of  the  solution.     It  is  evident  from  the  data  presented 
here  (Figs    1,  2,  and  3),  at  constant  pressure  and  temperature, 
thTt    he  rea  tion  rate  is  not  of  the  first  order.     Moreover,  as 
regards  the  data  for  peptic  activity  .e  have  found  m  come  case 
that  the  activity  depended  on  the  buffer  and  its  pH.    The  pH  of 
h     standard   sdutL   was  4.8.     When  a  Pot«  ch  o^^^^ 
hydrochloric  acid  buffer  of  pH  2.2  was  used,  no  change  of  act^vty 
from  that  of  the  standard  unbuffered  solution  over  a  p~e 
r.(  Rcuv\  Wiln«  ner  SO  cm  was  found.     But  with  a  potassium 
range  of  6000  kilos  Pe^^^q.cm^  w  ,  ^j  45  per  cent  from 

hydrogen  phthalate  buffer  of  pH  4.2,  a  decrease  01      p 
that  of  the  unbuffered  solution  was  measured.    R^«^"»;"  ^f  j^^^^^ 
over  a  range  of  1000  kilos  per  sqcm   ^PP^^-^^^^.^^.^tX  same 
buffered  sodium  acetate-acetic  acid  solution  (pH  6.2)  by  the  same 
amount  as  in  the  unbuffered  solution  of  pH  5^5- 

Peptic  activity  was  practically  unaffected  by  P'^^^^/  °*^^^^ 
kilos'per  sq.cm.  or  lower,  over  an  -Posure  ™e  in^^^^^^^^^  of  6  ^  - 
The  activities  of  both  enzyme  solutions  "'^^  P^^^^^^^^^^^  ^,  ^^^  ,,„. 
to  be  functions  of  the  temperature.    A  detailed  stuay 
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Fig.  1.  Clotting  time  of  rennin  versus  exposure  time  at  1000  kilos  per 
sq.cm.    The  clotting  time  of  the  control  was  10  minutes  in  every  case. 
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Fig.  2.  Clotting  time  of  rennin  versus  exposure  time  at  5000  kilos  per 
sq.cm.    The  clotting  time  of  the  control  was  10  minutes  in  every  case. 
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perature  effect  was  not  made.  For  a  pressure  exposure  of  5000 
kilos  per  sq.cm.  for  5  hours,  the  decrease  of  peptic  activity  was 
25  per  cent  at  0°  against  60  per  cent  at  35.5°.  For  rennin  under 
similar  conditions  of  pressure  treatment,  it  was  found  that  at  0° 
the  coagulation  time  increased  by  550  per  cent,  but  at  23°  the  in- 
crease was  800  per  cent,  the  activities  varying  inversely  with  the 

coagulation  times. 

The  compUcated  variation  of  the  activity  versus  exposure  time 
curves  at  constant  pressure  suggests  the  existence  of  more  than 
one  reaction.     In  Fig.  3,  for  pepsin,  particularly  as  regards  the 


0 

EXPOSURE    TIME  (hrs) 
TTrr   '^    Pentic  activity  versus  exposure  time  at  constant  pressure.    The 
upSr  cLet^t  2TS^  per  sq.cm.  and  the  lower  at  4500  k.los  per  s..cm. 

curve  at  4500  kilos  per  sq.cm.,  it  is  to  be  noticed  that  the  s^^^^^^^ 
of  the  curves  changed  in  sign  as  ^he  -pos^e  t.me^^^^^^^^^^^^ 
creased.     Figs.  1  and  2  for  rennin  show  «f  ^^^^^^^^^^^^  ^ 

pressure  on  the  clotting  time.     It  is  evident  that  the  ^^'^'"^y 
rrn  as  a  function  of  time  at  1000  ^"-  Per  sq^^^^^^^^^^^ 

dWerent  from  *a.  ai  ««»  ';,f  J^J™  ^^eX'  proU 

both  enzymes,  it  appears  to  us  ^^^^  JJ^^^^^  interval, 

with  quite  different  rates  occurred  ^^^^^^^^  of 

and  that  these  rates  are  influenced  strongly  oy 

the  pressure. 
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The  activity  versus  pressure  curves  at  constant  exposure  times 
did  not  vary  considerably  in  nature  from  one  curve  to  another. 
The  curve  of  Fig.  4  for  1  hour's  exposure  time  was  found  to  be 
similar  to  the  one  for  an  exposure  time  of  4  hours.  On  the  basis 
of  these  results  it  can  be  said  that  peptic  activity  was  relatively 
uninfluenced  by  the  length  of  the  exposure  time  mterval  t  ig.  5 
for  rennin  was  obtained  at  a  constant  exposure  time  of  1  hour. 
Qualitatively,  the  activity  curve  (inverse  of  the  clottmg  time 
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0  I  «  »  *  • 

PRESSURE  (xio'ko/cm*> 

Fig.  4.  Peptic  activity  versus  pressure  at  constant  exposure  time.    The 
upper  curve  is  at  1  hour  and  the  lower  at  4  hours. 

curve)  was  found  to  be  similar  in  general  nature  to  those  of  pepsin 

under  like  conditions. 

Several  experiments  were  repeated  in  order  to  observe  the  repro- 
ducibility of  data.  There  was  no  appreciable  error  due  to  control 
solutions  of  both  pepsin  and  rennin,  as  in  practically  every  case 
fresh  solutions  gave  the  same  measured  activities.  Under  the 
pressure  conditions  there  was  greater  possibility  of  error,  although 
the  error  in  the  measurement  of  pressure  alone  according  to 
standard  methods  was  considered  to  be  negligible.  As  a  measure 
of  reproducibility,  the  peptic  activity  curve  at  2500  kilos  per 
sq.cm.  of  Fig.  3  has  two  values  for  an  exposure  time  of  3  hours. 


It  will  be  seen  that  the  difference  is  about  0.2  of  a  peptic  unit,  a 
value  that  is  commensurate  with  the  reproducibility  obtained  in 
general.  However,  it  must  be  emphasized  that  the  intrinsic 
errors  in  the  reactions  were  not  subject  to  control  and  it  is  very 


PRESSURE  cxi6*K«/cM  » 

F.O.  5.  Ciotting  time  of  rennin  versus  P~;^ f^-"^^  ''""''  "^ 
1  hour.    The  control  clotted  at  10  minutes  in  every  case. 

likely  that  these  errors  were  responsible  for  the  deviations  observed 

on  several  of  the  curves,  namely  those  of  Fig-  4-  ^^^^  ^^ 

Hydrolysis  under  pressure  might  be  expectea  ^^^^^^ 

the  complications  that  were  observed.    Ammo  niirog 
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rVan  Slvke)  were  measured  for  five  samples  of  pepsin  solution 
that  had  been  treated  with  a  pressure  of  10,000  kilos  per  sq.cm. 
for  1  hour  at  23°.  No  change  of  amino  nitrogen  content  was 
found  and  it  must  be  concluded  that  no  appreciable  hydrolysis 
resulted  during  the  pressure  treatment 

Although  it  is  evident  that  these  data  show  that  the  loss  ot 
activity  of  pepsin  and  rennin  due  to  pressure  is  not  a  result  ot 
simple  denaturation,  the  physical  appearance  of  the  denatured 
substance  often  was  similar  to  that  which  had  been  denatured 
by  heat.    Both  enzyme  solutions  were  heavily  coagulated  by 
pressure  treatment  at  10,000  kilos  per  sq.cm.,  a  result  that  ap- 
peared to  be  the  same  as  when  the  solutions  were  heated  to  lOU  . 
Physically,  denaturation  by  pressure  is  not  similar  to  denatura- 
tion by  heat.    When  a  substance  is  heated  at  atmospheric  pres- 
sure energy  is  put  into  it  and  measured  by  the  temperature  rise. 
But  when  a  substance  is  compressed  isothermally,  not  only  is  work 
done  externally  but  also  internally  by  means  of  the  attractive 
forces  of  the  molecules.     For  example,  in  isothermal  compression 
of  the  solutions  used  in  this  study  to  a  pressure  of  1000  kilos  per 
sq  cm.  it  can  be  shown  by  thermodynamics  that  7  times  more 
energy  flows  out  of  the  solutions  than  is  put  in  by  the  work  of 
compression.     Energy,  then,  cannot  be  the  sole  factor  for  dena- 
turation by  pressure. 

SUMMARY 

The  loss  of  activity  of  pepsin  and  rennin  has  been  studied  as  a 
function  of  pressure  and  exposure  time.  Activity  decreased  with 
pressure  increase  at  constant  exposure  time  and  was  completely 
destroyed  at  pressures  ranging  between  5000  and  6000  kilos  per 
sq  cm  Activity  decreased  also  with  increase  of  exposure  time 
at'constant  pressure,  but  to  a  lesser  degree.  Pressure  was  impor- 
tant in  determining  the  activity  of  these  enzymes,  but  time  ol 
exposure  was  relatively  unimportant.  Loss  of  activity  appeared 
to  be  dependent  on  certain  buffers  and  the  pH.  A  few  observa- 
tions showed  that  inactivation  of  pepsin  and  rennm  by  pressure 
depended  strongly  on  the  temperature. 

It  has  been  shown  that  denaturation  by  pressure  was  the  prob- 
able cause  for  inactivation,  although  the  reaction  is  not  a  simple 
monomolecular  one.    Pressure  treatments  as  high  as  10,000  kilos 
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per  sq  cm.  caused  no  change  in  amino  nitrogen  content  and  it 
has  been  concluded  that  no  hydrolysis  was  caused  by  pressure. 
The  product  of  denaturation  by  pressure  appeared  similar  to  that 
which  had  been  denatured  by  heat.  It  has  been  shown  that  the 
energy  relations  must  be  quite  different  in  the  two  processes. 
Consequently,  it  can  be  said  that  energy  changes  are  not  alone 
responsible  for  denaturation  and  deactivation  of  the  enzymes 
pepsin  and  rennin  by  pressure. 
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Deposition  and  Retention 
of  Sprays  on  Apples.  II.* 

Donald  E.  H.  Frear  and  Harlan  N.  WoRTHLEYf 

IN  an  earlier  publication  (4)  the  authors  presented  data  on  the 
amounts  of  lead  and  arsenic  deposited  and  retained  upon  the 
fruits  and  foliage  of  two  varieties  of  apples  when  sprayed  with 
various  combinations  of  insecticides  and  fungicides  applied  ac- 
cording to  different  schedules.  The  results  were  obtained  during 
the  growing  seasons  of  1934  and  1935. 

The  introduction  of  new  spray  materials  and  mixtures,  such  as 
the  so-called  "dynamite"  sprays  (8  and  9),  has  made  further  in- 
vestigations of  a  similar  nature  necessary  in  order  to  compare  the 
new  fungicides  and  insecticides  with  the  accepted  materials  and 
methods.  Further,  as  in  all  field  experiments,  it  was  felt  that  the 
conclusions  reached  in  the  earlier  work  should  be  tested,  in  order 
to  eliminate  seasonal  variations  in  so  far  as  possible. 

PURPOSE  AND  PLAN  OF  EXPERIMENT 

The  studies  were  conducted  in  a  manner  similar  to  those  reported 
earlier.  Various  combinations  of  spray  materials  were  applied  to 
apple  trees,  and  samples  of  fruit  were  collected  during  the  grow- 
ing season,  usually  before  and  after  each  spray  application,  and 
then  at  intervals  until  the  fruits  were  harvested.  The  fruits  in 
each  sample  were  then  analyzed  for  spray  deposits.  In  most  cases, 
fruits  were  picked  from  both  the  upper  and  lower  branches  of  the 
trees,  and  analyzed  separately,  in  order  further  to  study  spray 
distribution  on  the  trees.  All  sprays  used  contained  lead  arsenate 
in  combination  with  other  materials,  and  the  results  reported  deal 
only  with  the  deposition  and  retention  of  lead  and  arsenic. 

EXPERIMENTAL  METHODS 

Sampling.— Samples  of  20  apples  each  were  taken  at  random 
both  from  the  bottoms  and  the  tops  of  the  trees.  Fruits  from 
several  trees  were  collected  and  combined  for  each  sample.  At 
harvest  time,  the  size  of  the  fruits  was  such  that  smaller  samples 
were  necessary,  in  which  case  duplicate  weighed  samples  of  700 
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grams,  three  to  six  apples,  were  taken  from  each  treatment.  Sam- 
ples following  a  spray  application  were  taken  immediately  after 
the  spray  had  dried,  and  all  samples  were  picked  and  handled  with 
great  care,  to  minimize  loss  of  a  mechanical  nature. 

Location  of  apple  trees  and  varieties  used. — Orchard  plots  laid 
out  as  randomized  single  tree  replicates  by  the  department  of 
zoology  and  entomology  for  comparison  of  spray  treatments  in 
codling  moth  control  supplied  the  fruit  samples.  During  1937, 
mature  trees  of  the  Jonathan  variety,  in  the  orchards  of  E.  H.  Sachs, 
Biglerville,  Pa.,  were  used  for  the  spraying  experiments.  Six  trees 
were  sprayed  in  the  same  manner,  as  randomized,  single-tree  re- 
plicates, in  each  of  eight  different  treatments,  as  will  be  described 
later. 

In  1938,  mature  Stayman  Winesap  and  Jonathan  trees  were  used, 
located  in  the  orchard  of  L.  W.  Garrettson,  Arendtsville,  Pa.  As  in 
the  previous  year,  each  treatment  was  replicated  six  times,  and 
there  were  seven  treatments. 

Analytical  methods. — The  fruits  were  removed  to  the  laboratory 
as  soon  as  possible  after  picking  and  washed  individually  in  a  boil- 
ing solution  containing  2  per  cent  hydrochloric  acid  by  weight.  The 
washings  from  a  given  sample  were  combined  and  made  to  a  defi- 
nite volume,  500  ml.  Portions  of  this  wash  solution  were  then 
digested  and  analyzed  for  lead  by  the  method  of  Frear  and  Haley 
(3)  and  for  arsenic  by  the  bromate  distillation  method  (1).  This 
method  for  the  determination  of  arsenic  has  been  found  to  be  con- 
siderably more  reliable  than  the  Gutzeit  method  used  in  the  pre- 
vious study. 

Measurements  of  the  transverse  and  vertical  diameters  of  the 
apples  were  made  immediately  after  washing,  and  from  these, 
using  the  average  diameter  in  the  formula  for  the  surface  area  of 
a  sphere,  the  surface  areas  of  the  apples  were  calculated. 

Climatic  conditions. — Since  climatic  conditions  are  a  factor  in 
the  effectiveness  of  any  orchard  spray  application,  monthly  mean 
temperatures  and  precipitation  are  given  for  the  growing  seasons 
of  1937  and  1938  at  Arendtsville,  table  1.  It  is  to  be  noted  that  in 
1937  the  mean  temperatures  were  very  close  to  the  16-year  average, 
being  slightly  above  the  average  during  May,  June,  July,  and 
August,  but  slightly  below  the  average  during  September  and 
October.  During  1938  the  temperatures  were  even  closer  to  the 
average;  the  only  month  during  the  period  studied  which  showed 
any  considerable  divergence  from  the  average  being  August,  when 
the  mean  temperature  was  approximately  3  degrees  above  the  16- 
year  average. 
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Table  1.- 

-Mean  temperatures  and  rainfall  at  Arendtsville,  Pa., 

1937  and 

1938. 

Mean  Temperature 

Rainfali 

J 

Months 

1937 

1938 

Normal 

1937 

1938 

Normal 

. 

Degrees 

Degrees 

Degrees 

Inches 

Inches 

Inches 

May 

62.4 

60.2 

60.1 

2.76 

5.76 

3.84 

June 

72.8 

69.4 

70.5 

5.33 

2.67 

5.09 

July 

75.6 

75.4 

74.5 

5.99 

2.94 

3.88 

August 

75.0 

75.6 

72.4 

5.50 

8.53 

4.75 

September 

63.0 

63.4 

65.9 

3.04 

2.49 

3.66 

October 

50.6 

55.5 

54.2 

8.96 

1.70 

3.50 

Rainfall  during  1937  was  greater  than  the  average,  although  dur- 
ing May  there  was  a  considerable  deficiency.  During  July  and  Oc- 
tober, however,  there  was  an  excess.  In  1938  there  was  less 
rainfall  than  usual,  with  the  exception  of  the  month  of  August, 
when  nearly  twice  the  normal  amount  fell. 

Because  distribution  of  rainfall  as  well  as  monthly  totals  is  im- 
portant, daily  precipitation  is  shown,  fig.  1.  During  the  period 
under  consideration,  May  15  to  September  22  in  1937,  measurable 
amounts  of  rain  fell  on  50  days  and  the  total  rainfall  during  the 
period  was  20.60  inches.  On  12  separate  days  during  this  period, 
rainfall  of  more  than  0.5  inch  was  reported. 


MAY 


JUNE 


JULY 


AUG. 


SEPT. 


OCT. 


Fig.  1.— Distribution  of  rainfall  during  the  1937  and  1938  growing  seasons 
at  Arendtsville,  Pa. 


^ 


Pennsylvania  Agricultural  Experiment  Station 


Bulletin  400 — Deposition  and  Retention  of  Sprays 


5 


During  the  season  of  1938,  in  the  period  between  May  15  and 
October  5,  measurable  amounts  of  rain  fell  on  47  separate  days, 
with  a  total  rainfall  of  23  inches.  On  10  separate  days  during  the 
period,  more  than  0.5  inch  of  rain  fell. 

From  these  records  it  would  appear  that  the  two  seasons  were 
quite  comparable  as  far  as  amounts  and  distribution  of  rainfall 
were  concerned. 

EXPERIMENTAL  RESULTS 

1937  experiments. — The  materials  applied  in  the  several  treat- 
ments used  in  1937,  and  the  times  of  application  are  given  in  table 
2.  Eight  treatments,  using  in  all  six  spray  mixtures,  were  studied. 
Three  schedules  of  applications  were  employed:  (A)  a  5-cover 
spray  schedule,  with  sprays  applied  at  intervals  of  5,  14,  27,  and  44 
days  after  the  first  application;  (B)  a  5-cover  spray  schedule  with 
sprays  applied  at  intervals  of  11,  22,  33,  and  44  days  after  the  first 
application;  and  (C)  a  3-cover  spray  schedule  with  sprays  applied 
at  intervals  of  11  and  22  days  after  the  first  application.  The  first 
cover  spray  was  applied  at  the  same  date,  June  4,  in  all  treatments. 

Table  2. — Constituents  and  times  of  application  of  spray  mixtures  used 
in  the  1937  experiments. 


TREATlVrENT 

AivrouNTS  PER  100  Gallons* 

Dates  of 

Application 

Numbers 

6-4 

6-10 

6-15 

6-18  6-26 

7-1 

7-7 

7-17 

1 

Lead   arsenate,  3   lbs. 
Copper   Hydro   40,   2   lbs. 
Fish   oil,    1    pt. 

xt 

X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

2 

Lead  arsenate,  3  lbs. 
Flotation  sulfur  paste,  10  lbs. 
Fish  oil,   1   pt. 

X 

X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

3 

Lead   arsenate.   3   lbs. 
Flotation  sulfur  paste,  10  lbs. 
Fish    oil,    1    pt. 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

4 

Lead    arsenate,    3    lbs. 
Copper   Hydro   40,   2   lbs. 
Fish   oil,    1    pt. 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

5 

Lead  arsenate,  3  lbs. 
Copper  Hydro  40,  2  lbs. 
Fish  oil,  1  pt. 
Petrccide,  2  qts. 

X 
X 
X 

X 
X 

X 

X 

X 

6 

Lead    arsenate,    3    lbs. 
Copper  Hydro   40,   2   lbs. 
Summer  petroleum  oil  H- 

oleic   acid    (19:1).   2   qts. 
Water  -h  triethanolamine 

(6:1),  8  fl.  oz. 

X 
X 

X 
X 

X 

X 

X 

X 
X 

7 

Lead  arsenate.  3  lbs. 
Copper  Hydro  40,  2   lbs. 
Grasselli   S-S,  2  fl.   oz. 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

8 

Lead  arsenate,  3  lbs. 
Copper  Hydro   40,   2   lbs. 
Soybean   flour,   1    lb. 

X 
X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

♦12  gallons  of  spray  per  tree  per  application,  except  in  treatments  5  and  6  where  in 
the  second  and  third  covers,  the  amount  was  increased  to  25  gallons  per  tree. 
tx  indicates  application  of  material  at  time  indicated. 


Treatments  1  and  4  were  identical  with  respect  to  the  amounts 
of  ingredients  applied,  the  difference  being  in  the  times  of  applica- 
tion. The  same  was  true  of  treatments  2  and  3.  The  latter  pair  of 
treatments,  2  and  3,  differed  from  the  former,  1  and  4,  only  in  the 
fungicide  applied,  a  commercial  copper  fungicide,  ''Copper  Hydro 
40",  being  used  in  treatments  1  and  4,  while  flotation  sulfur  was 
used  in  treatments  2  and  3.  The  comparison  between  two  other- 
wise identical  sprays,  one  applied  at  regular  intervals  and  the 
other  at  intervals  increasing  in  length  with  the  rate  of  growth 
of  the  apple  fruits,  was  made  in  order  to  secure  further  information 
on  a  point  raised  in  the  preceding  publication  (4).  In  previous  work 
it  was  noted  that  the  surface  area  of  apple  fruits  did  not  increase 
at  a  regular  rate  during  the  growing  season,  but  doubled  in  extent 
rapidly  (in  approximately  six  days)  during  the  early  period  of 
growth,  with  a  progressively  less  rapid  rate  of  increment  as  the 
season  advanced.  It  was  reasoned,  therefore,  that  the  early  spray 
applications,  to  be  most  effective,  should  be  applied  at  short  in- 
tervals, with  progressively  longer  intervals  between  spray  applica- 
tions as  the  season  advanced.  This  so-called  "growth  schedule"  of 
spray  applications  was,  therefore,  proposed  and  tried  in  a  prelimi- 
nary way  during  the  season  of  1935.  The  experiments  of  1937  were 
designed  to  give  further  evidence  on  the  relative  deposit  and  re- 
tention of  sprays  applied  in  this  way,  as  compared  to  the  conven- 
tional method  of  timing  spray  applications  at  equal  intervals. 

Treatments  5  and  6  were  included  to  determine  the  deposition 
and  retention  of  lead  arsenate  from  the  so-called  "dynamite"  or 
inverted  spray  mixtures  proposed  first  by  the  workers  at  the 
Washington  Agricultural  Experiment  Station  (8),  In  these  mix- 
tures the  lead  arsenate  is  preferentially  wetted  by  the  oil  used  and 
adheres  to  the  plant  surfaces,  so  that  it  is  possible  to  build  up 
deposits  by  continued  spraying.  This  is  a  distinctly  different  situa- 
tion than  that  which  obtains  when  the  usual  spray  mixtures  are 
applied;  with  the  latter,  spraying  continued  after  complete  wetting 
of  the  plant  surfaces  results  only  in  "run  off"  of  the  spray  mixture, 
and  wasted  materials. 

Treatment  6  consisted  of  three  cover  sprays,  in  two  of  which  a 
mixture  composed  of:  (a)  Lead  arsenate,  3  pounds;  (b)  "Copper 
Hydro  40,"  2  pounds;  (c)  A  mixture  of  19  parts  summer  petroleum 
oil  plus  1  part  oleic  acid,  2  quarts,  and  (d)  A  mixture  of  6  parts 
water  plus  1  part  triethenolamine,  8  fluid  ounces,  was  used.  Treat- 
ment 5,  in  the  first  cover  spray  application,  consisted  of  the  same 
mixture  used  in  treatments  1  and  4,  but  in  the  second  and  third 
cover  sprays,  2  quarts  of  "Petrocide",  a  proprietary  material  de- 
signed to  produce  a  deposit  similar  to  that  from  the  "dynamite" 
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mixtures,  were  added.   Double  quantities  of  spray  were  applied 
in  the  two  "dynamite"  applications  in  treatments  5  and  6. 

Treatments  7  and  8  were  included  to  study  the  effect  of  two  ad- 
hesive agents  on  the  deposition  and  retention  of  lead  arsenate.  In 
treatment  7,  2  fluid  ounces  of  "Grasselli  Spreader-Sticker"  re- 
placed the  fish  oil  used  in  treatments  1  and  4,  while  1  pound  of  soy- 
bean flour  was  substituted  for  the  fish  oil  in  treatment  8.  Other- 
wise the  mixtures  apphed  and  schedule  of  application  were  the 
same  as  in  treatment  4. 

The  results  of  the  analyses  of  the  apple  fruit  samples  during  1937 
are  shown  in  figure  2,  including  both  lead  and  arsenic,  in  milli- 
grams per  square  meter  of  fruit  surface,  for  samples  taken  from 
both  the  tops  and  the  bottoms  of  the  trees.  Lead  deposits  are  shown 
by  solid  lines;  arsenic  (as  As2O:0,  by  dotted  lines. 

As  in  the  previous  work,  the  deposits  of  both  lead  and  arsenic  on 
the  bottoms  of  the  trees  was  greater  than  on  the  tops.  The  deposits 
on  the  tops  and  bottoms  of  the  trees  in  treatment  7  were  almost 
the  same,  this  being  the  only  exception.  The  extent  of  this  dif- 
ference apparently  depends  on  the  thoroughness  of  the  original 
application.  The  deposits  of  lead  were,  as  before,  considerably 
higher  than  the  deposits  of  arsenic,  although  there  was  consider- 
able variation  in  the  lead:  arsenic  ratio.  This  will  be  discussed  in 
more  detail  later. 

Perhaps  the  most  significant  fact  observed  in  this  comparison  of 
materials  and  schedules  is  the  high  deposit  after  the  second  ap- 
plication of  the  "dynamite"  sprays,  treatments  5  and  6.  It  appears 
that  the  continued  spraying  in  treatment  6  gave  a  "build  up" 
greater  than  from  any  other  spray  application  on  the  same  day,  al- 
though all  spray  mixtures  contained  the  same  amounts  of  lead 
arsenate.  This  is  shown  in  table  3,  in  which  is  revealed  the  dif- 
ference between  the  deposits  on  samples  taken  immediately  before 
and  immediately  after  spray  treatment. 

Table  3. — Comparison  of  lead  and  arsenic  deposited  upon  apple  surfaces 
in  different  parts  of  trees  in  spray  application  of  June  26,  1937. 


Treatment 

Pb 

As 

.Oa 

Numbers 

Top 

Bottom 

Top 

Bottom 

Mean  of  treatments 
3,  4,  7,  and  8* 
9 

e 

Mg./M^ 

126.4 
120.5 
147.5 

MgJM^ 

159.9 
150.4 
235.2 

Mg./M^ 

45.0 
71.2 
55.9 

Mg./M^ 

52.1 

69.8 

114.5 
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♦Treatments  1  and  2  were  not  applied  on  this  date. 
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For  purposes  of  comparison  of  the  effectiveness  of  the  deposit  in 
terms  of  protection,  it  has  been  found  that  charts  showing  the 
average  amount  of  spray  deposit  hy  periods  during  the  growing 
season  are  quite  satisfactory.  Such  charts  are  shown  in  figure  3, 
giving  the  average  deposits  of  lead  in  milligrams  per  square  meter 
of  fruit  surface  for  both  the  tops  and  bottoms  of  trees  during  the 
period  of  sampling.  The  arsenic  figures  closely  parallel  those  for 
lead  and  are,  consequently,  omitted  from  the  charts. 

Comparing  treatment  1,  in  which  the  sprays  were  applied  ac- 
cording to  the  "growth  schedule",  with  treatment  4,  applied  at 
regular  intervals  of  11  days,  but  otherwise  identical,  little  dif- 
ference in  deposit  can  be  noted.  It  would  appear  that  in  treatment 
1,  the  close  spacing  of  the  early  sprays  resulted  in  a  higher  deposit 
(approximately  360  milligrams  per  square  meter)  than  in  treat- 
ment 4  (approximately  300  milligrams  per  square  meter)  during 
the  first  few  days  after  the  original  application.  This  is  offset,  how- 
ever, by  the  higher  average  deposit  in  treatment  4  later  in  the 
season,  between  the  last  application  and  harvest. 

Comparisons  of  treatments  2  and  3  show  much  the  same  condi- 
tion, although  the  average  deposit  present  during  the  period  be- 
tween the  last  spray  application  and  harvest  shows  no  significant 
difference  in  this  case.  Contrary  to  expectation,  spacing  of  the 
spray  applications  to  compensate  for  the  rapid  early  development 
of  the  apple  surfaces  did  not  result  in  the  maintenance  of  a  con- 
sistently higher  level  of  lead  deposit  than  the  spacing  of  applica- 
tions at  equal  intervals.  There  appeared  to  be  no  significant 
difference  between  the  deposits  produced  by  the  mixtures  con- 
taining flotation  sulfur,  2  and  3,  and  those  containing  "Copper 
Hydro  40,"  1  and  4. 

Treatments  7  and  8,  differing  from  treatment  4  only  in  the  ad- 
hesive agents  used,  showed  almost  the  same  average  deposit  of 
lead  during  the  period  studied  as  treatment  4.  The  superior  ad- 
hesiveness of  the  mixture  containing  soybean  flour  is  shown  by  the 
high  average  level  of  lead  maintained  during  the  period  from  July 
28  to  harvest. 

With  treatments  5  and  6,  the  deposits  of  lead  were  at  a  relatively 
high  level  for  a  surprisingly  long  period,  at  least  from  June  25  to 
July  28,  when  samples  were  taken.  The  average  deposits  of  lead 
on  fruits  during  this  period  in  treatment  5  were  245  milligrams  per 
square  meter  at  the  tops  of  the  trees,  and  255  at  the  bottoms;  while 
in  treatment  6  during  the  same  period  the  average  deposits  at  the 
tops  of  the  trees  were  235  milligrams  per  square  meter  and  at  the 
bottoms  almost  300.  This  is  particularly  noteworthy  since  these 
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trees  received  only  three  cover  sprays,  of  which  the  last  two  con- 
tained the  inverted  or  "dynamite"  mixture.  At  the  end  of  this 
period,  treatments  5  and  6  showed  the  effects  of  an  additional  three 
weeks  of  weathering,  although  the  amount  of  arsenic  remaining  in 
treatment  6  compared  favorably  with  that  in  treatments  receiving 
more  extended  spray  schedules,  table  4. 

Table  4. — Lead  and  arsenic  deposils  on  Jonathan  apples  under  experi- 
mental spray  treatment,  July  28,  1937. 


Treatment 

Days 

from 

Last 

Numbers 

Application 

Pb 

AS2O3 

Mg./M^ 

Mg./M^ 

1 

169 

73 

2 

178 

71 

3 

171 

73 

4 

248 

83 

7 

173 

55 

8 

234 

70 

5 

32 

113 

44 

6 

32 

" 

113 

60 

There  were  apparently  few  significant  differences  in  the  reten- 
tion of  the  deposits  among  the  different  treatments  receiving  five 
cover  sprays,  with  the  exception  of  treatment  8,  in  which  soybean 
flour  was  used  as  a  supplement.  This  treatment  showed  signi- 
ficantly higher  retention  of  lead  at  harvest,  table  5.  In  addition, 
treatments  1  and  2  appear  to  have  retained  slightly  less  lead,  par- 
ticularly at  the  tops  of  the  trees,  than  did  the  other  5-application 
treatments,  although  the  figures  are  possibly  of  slight  significance. 
However,  it  appears  significant  that  treatment  6,  receiving  only 
three  cover  sprays,  had  a  deposit  of  both  arsenic  and  lead  at  harvest 

Table  5. — Lead  and  arsenic  deposits  at  harvest,  September  22,1937. 


Treatment 

Pb 

AS2O3 

Numbers 

Top 

Bottom 

Top 

Bottom 

Mg./M^ 

Mg./M^ 

Mg./M^ 

Mg./M^ 

1 

45.3 

67.8 

22.1 

16.3 

2 

45.6 

47.7 

16.7 

12.4 

3 

68.9 

76.8 

20.8 

14.9 

4 

73.0 

72.7 

31.9 

31.1 

5* 

37.8 

63.8 

8.8 

18.5 

6* 

63.8 

61.4 

21.7 

36.1 

7 

80.4 

44.2 

18.4 

19.5 

8 

125.3 

139.1 

21.9 

24.4 

♦Three  spray  applications:  all  other  treatments  received  five  applications 
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approximately  as  great  as  any  of  the  5-cover  spray  treatments 
except  treatment  8,  while  treatment  5,  in  general,  had  considerably 
less. 

1938  experiments. — The  materials  applied  in  the  eight  treat- 
ments used  in  1938,  together  with  the  times  of  application,  are 
given  in  table  6.  These  treatments  were  designed  to  give  further  in- 
formation on  certain  points  raised  by  the  analysis  of  the  work  of 
the  previous  year,  as  well  as  to  continue  studies  previously  under- 
taken. Treatments  3  and  4,  for  example,  were  identical  in  composi- 
tion, but,  while  in  treatment  3  the  applications  were  made  at 
regular  intervals  of  11  days  following  the  first  spray,  the  trees 


Table  6. — Consliluenls  and  limes  of  application  of  spray  mixtures  used 
in  the  1938  experiments. 


Treat- 

Dates 

OF  Application 

IVTENT 

AlVrOUNTS  PER  100 

Number                Gallons 

5-17    5-25 

5-31 

6-6 

6-9 

6-14 

6-17 

6-30    8-8     8-20 

1 

Lead  arsenate,  3  lbs. 
Lime-sulfur,  1.3  gals. 

X* 

X 

X 
X 

X 

X 
X 

Skimmilk  powder,  2  lbs. 

X 

X 

X 

X 

2 

Lead  arsenate,  3  lbs. 
Lime-sulfur,  1.3  gals. 

X 
X 

X 
X 

X 

X 
X 

Skimmilk  powder,  .5  lb. 

X 

X 

X 

X 

Hydrated  lime,  .5  lb. 

X 

X 

X 

X 

3 

Lead  arsenate,  3  lbs. 
Lime-sulfur,  1.3  gals. 

X 
X 

X 
X 

X 

X 
X 

Soybean  flour,  i  lb. 

X 

X 

X 

X 

Hydrated  lime,  .5  lb. 

X 

X 

X 

X 

4 

Lead  arsenate,  3  lbs. 
Lime-sulfur,  1.3  gals. 
Soybean  flour,  1  lb. 
Hydrated  lime,  .5  lb. 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

5 

Lead  arsenate,  3t  lbs. 
Copper  phosphate  mixj:, 

16  lbs. 
Oil   4-   oleic  acid  mix§, 

2  qts. 
Water  -h  monoethanol- 

amine  (7:1),  8  fl,  oz. 

X 
X 

xt 

X 
X 

X 

X 

X 

7 

Lead  arsenate,  3t  lbs. 
Copper  phosphate  mixt, 

16  lbs. 
Oil   4-  oleic  acid  mix§, 

2  qts. 
Water  -t-  monoethanol- 

amine   (7:1),  8  fl.  oz. 
Black  leaf  155,  8  lbs. 

X 
X 

xt 

X 

X 

X 

8 

Lead  arsenate,  3  lbs. 
Lime-sulfur,  1.3  gals. 
Soybean  flour,  1  lb. 

X 
X 
X 

X 
X 

X 

Hvdrated  lime,  .5  lb. 

X 

X 

X* 

X*        X          X 

Black  leaf  155.  4»  lbs. 

Orthol-K-Ready  mix, 

X           X 

2  qts. 

♦x  indicates  application  of  material  at  time  indicated  . 

tDouble  quantity  (6  lbs  )  at  time  indicated,  a^^.^o^^i^^^^^t/rlted^i^^^  4  ibs   ben- 

tCopper  phosphate  mix  =  4  lbs.  copper  phosphate,  8  lbs.  hydrated  lime,  4  ids.  oen 

'lon  +  oleic  acid  mix  =  (A)  3  parts  kerosene  +  1  Part .^sh  oil.  (B)  oleic  acid;  com- 
bined in  the  final  mix  in  the  ratio  of  19  parts  (A)  to  1  part  (B). 
^Double  quantity  (8  lbs.)  used  at  time  indicated. 
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receiving  treatment  4  were  sprayed  on  the  sixth  and  fifteenth  days 
following  the  first  application,  according  to  the  "growth  schedule". 
Treatment  4  received  three  spray  applications,  while  treatment  3 
received  four. 

Treatments  1  and  2  were  identical  in  composition  and  number  of 
applications,  but  the  sprays  applied  in  treatment  1  were  timed 
according  to  the  spray  service  recommendations.  In  treatment  2 
the  applications  were  timed  by  means  of  bait-trap  records  of  cod- 
ling moth  flight,  and  were  applied  when  it  became  evident  that 
large  numbers  of  eggs  were  present.  Skimmilk  powder  used  as 
a  sticker  in  treatment  2  was  compared  with  soybean  flour  used 
in  treatment  3. 

The  foregoing  treatments  were  compared  with  abbreviated 
schedules  in  which  high  deposits  of  lead  arsenate  were  sought  by 
doubling  the  concentration  of  this  constituent  and  the  dosage  per 
tree  in  one  of  three  spray  applications,  treatment  5,  or  in  one  of 
two  applications,  treatment  7\  both  treatments  using  "modified 
W.S.C.  dynamite''  mixtures  (9).  Finally,  treatment  8,  using  a  mix- 
ture similar  in  composition  to  that  used  in  treatments  3  and  4,  re- 
ceived two  applications  of  this  mixture  at  the  same  times  as 
treatment  7,  followed  later  in  the  season  by  four  applications  of 
nicotine  bentonite  and  summer  oil. 

It  is  to  be  noted  that  before  the  inverted  mixtures  were  applied 
in  treatments  5  and  7,  copper  phosphate  was  used  as  the  fungicide, 
applied  in  a  mixture  containing  lime  and  bentonite,  while  in  all 
other  treatments  lime-sulfur  solution  was  used. 

The  results  of  the  chemical  analyses  made  on  the  Stayman 
samples  collected  during  the  1938  season,  fig.  4,  are  calculated  as 
milligrams  of  lead  (solid  line)  and  arsenic  (as  As:iO:« — dotted  line) 
per  square  meter  of  fruit  surface.  The  deposits  of  both  lead  and 
arsenic  were  considerably  greater  at  the  bottoms  than  at  the  tops 
of  the  trees  in  all  treatments  except  4.  The  difference  between 
top  and  bottom  deposits  in  1938  was  greater  than  in  the  previous 
year.  This  may  be  attributed  to  the  fact  that  the  1937  operator  had 
been  especially  trained  to  concentrate  on  the  tops  of  the  trees  in 
spraying,  and  illustrates  the  necessity  for  emphasis  upon  this 
point. 

As  in  1937,  the  inverted  or  "dynamite"  sprays  produced  signifi- 
cantly greater  deposits  per  application  than  the  ordinary  mixtures 
used,  regardless  of  the  adhesive  agent  present  in  the  latter.  This 
was  particularly  true  of  the  samples  from  the  bottoms  of  the  trees 

^Treatment  6,  not  included  in  this  discussion,  was  identical  with  treatment  7  except 
that  it  did  not  receive  the  supplementary  application  of  Black  Leaf  155  on  June  30. 
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receiving  treatments  5  and  7.  Treatment  4,  applied  according  to  the 
"growth  schedule",  built  up  a  relatively  high  deposit  during  the 
early  part  of  the  season,  but  the  three  applications  did  not  maintain 
the  deposit  over  a  sufficiently  long  period  for  protection  against 
later  infestation. 

In  figure  5  the  average  deposits  of  lead  between  sampling  dates 
are  shown.  It  is  even  more  apparent  from  this  figure  that  the  aver- 
age deposits  in  treatments  5  and  7  were  decidedly  higher  than 
from  any  other  treatment  during  the  period  of  first  brood  codling 
moth  attack. 
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Fig.  5. — Average  deposit  of  lead  on  apple  surfaces  in  milligrams  per 
square  meter  during  periods  between  sampling,  1938.  Dotted  lines  repre- 
sent samples  from  bottoms  of  trees,  solid  lines  samples  from  tops  of  trees. 


As  far  as  retention  of  deposits  is  concerned,  it  appears  from  figure 
4  that  the  high  deposits  in  treatments  5  and  7  decreased  rather 
rapidly,  as  compared  with  those  including  later  cover  sprays.  This 
was  to  be  expected  due  to  the  rapid  growth  of  the  fruit  subsequent 
to  the  last  spray  application.  No  significant  differences  appeared 
between  the  deposits  from  the  mixtures  containing  skimmilk 
powder  and  those  containing  soybean  flour. 

At  harvest,  some  rather  interesting  differences  appeared  in  the 
amounts  of  the  deposits.  Apparently,  the  samples  taken  at  this 
time  were  not  sufficiently  large,  so  that  the  sampling  error  is 
considerable.  In  treatments  5,  7,  and  8,  there  is  an  apparent  in- 
crease in  lead  deposit  after  the  final  spray  applications  were  made, 
or  between  August  8  and  harvest.  Since  most  of  these  apparent 
increases  were  found  on  samples  from  the  bottoms  of  the  trees,  it 
is  possible  that  the  action  of  rain  in  washing  deposits  from  the  up- 
per to  the  lower  portions  of  the  tree  was  responsible;  this  does  not 
account,  however,  for  the  apparent  increase  noted  in  the  samples 
taken  from  the  tops  of  trees  in  treatment  7. 

The  amounts  of  lead  and  arsenic  on  the  fruit  samples  at  harvest 
are  given  in  table  7.  The  figures  indicate  that  the  deposits  remain- 
ing on  the  fruits  at  the  end  of  the  season  were  similar  in  amount, 
probably  because  of  the  relatively  long  period  of  time  during  which 
the  deposits  were  exposed  to  weathering.  The  amounts  of  lead  on 
the  fruits  from  trees  receiving  treatments  7  and  8  are  somewhat 
higher  than  on  those  receiving  the  other  treatments,  possibly  be- 
cause of  protection  against  weathering  afforded  by  the  later  spray 
applications  of  nicotine-bentonite,  plus  oil  in  treatment  8. 
Table  7.— Lead  and  arsenic  deposils  at  harvest,  October  5,  1938. 


Treatment 

Pb 

Top                   Bottom 

AS.Oa 

Numbers 

Top 

Bottom 

1 
2 
3 

4 
5 
7 
8 

Mg./M^ 

42.38 
42.37 
48.09 
35.85 
52.21 
102.29 
23.06 

Mg./M^ 

95.12 
99.82 
92.13 
74.66 
78.88 
116.30 
102.98 

Mg./M^ 

16.38 
11.90 
12.76 
10.59 
Trace 
21.00 
10.41 

Mg./M^ 

21.79 
29.13 
10.80 
24.62 
12.80 
31.92 
13.84 
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DISCUSSION 
Ratio  of  lead  to  arsenic  in  spray  deposits. — Examination  of  the 
data  presented  in  the  previous  paper  (4)  showed  that  in  the  1934 
experiments  the  ratio,  Pb:As20;i,  in  the  deposits  as  applied  was 
2.1:1;  after  the  last  cover  spray  application  on  July  16  the  ratio 
for  the  trees  receiving  six  cover  sprays  was  2.59:1,  while  on  the 
same  date  the  deposits  on  the  trees  receiving  but  three  cover 
sprays,  with  the  last  application  on  June  16,  the  ratio  was  3.50: 1. 
At  harvest  the  ratio  on  the  trees  receiving  six  cover  sprays  was 
2.62:1,  and  on  those  receiving  three  cover  sprays  3.05:1.  This  ap- 
peared to  indicate  that  deposits  which  were  exposed  to  weathering 
longest  had  a  higher  Pb:  AS2O3  ratio. 

In  the  1935  experiments,  reported  in  the  same  paper,  the 
Pb:As203  ratios  were  lower,  averaging  1.79:1  as  deposited,  and 
1.85:1  and  1.81:1  after  the  last  spray  application  and  at  harvest, 
respectively,  showing  no  significant  differences  even  over  a  con- 
siderable period  of  time. 

Since  it  has  been  assumed  that  acid  lead  arsenate  breaks  down 
to  form  basic  arsenates  according  to  the  reaction  5  PbHAs04  + 
HOH  ^  Pb4  (PbOH)  (ASO4)  :^  +  2  H3ASO4,  releasing  soluble  arsen- 
ic, it  should  follow  that  the  Pb:As203  ratio  should  become  pro- 
gressively larger  as  the  decomposition  proceeds.  A  number  of 
workers  have  considered  this  point,  and  the  earlier  investigations 
by  Hartzell  and  Wilcoxon  (6)  and  Marshall  and  Ford  (7)  seemed 
to  agree  with  this  theory.  More  recently,  however,  Harman  (5), 
Pearce  and  Avens  (11),  and  Fahey  and  Rusk  (2)  have  found 
ratios  of  approximately  2.5: 1  at  harvest.  Fahey  and  Rusk  were  of 
the  opinion  that  the  high  ratios  reported  by  some  investigators 
were  the  result  of  inaccuracies  in  sampling  and  analytical  tech- 
niques. 

In  the  present  work,  the  Pb:As20:{  ratios  at  harvest  were  cal- 
culated, and  are  shown  in  table  8.  In  addition  to  the  Jonathan 
apples  in  1937  and  the  Stayman  Winesaps  in  1938  previously  dis- 
cussed, the  analyses  of  samples  taken  from  a  block  of  Jonathans 
in  1938  are  included.  These  trees  received  identical  sprays,  both 
as  to  composition  and  timing,  as  the  Stayman  Winesaps  of  the 
same  year.  To  make  the  comparison  more  direct,  applications  to 
both  varieties  were  made  from  the  same  tankful  of  spray. 

The  figures  given  are  averages  of  the  analyses  of  fruits  from 
the  tops  and  bottoms  of  the  trees,  a  total  of  2,800  grams.  This 
amount  is  sufficiently  large  (Fahey  and  Rusk  used  duplicate 
samples  of  25  fruits)  so  that  the  figures  should  have  considerable 
significance.  Explanation  of  the  data,  however,  is  difficult.  There 


Table  8 

. PblASaOa 

ratio  in  residues  at  harvest. 

Treatment 

1937 

1938 

Numbers 

Jonathan 

biayman 

Jonathan 

1 

3.11 

3.48 

2.05 

2 

3.29 

2.55 

1.71 

3 

4.23 

6.19 

2.25 

4 

2.32 

3.22 

2.31 

5 

3.88 

2.73 

6 

2.32 

1.98 

7 

3.32 

4.69 

2.03 

8 

5.71 

4.84 

2.15 

Mean 

3.52 

4.16 

appears  to  be  no  consistent  relationship  between  the  mixture  used 
and  the  Pb:As20;{  ratio,  nor  does  the  same  variety,  Jonathan, 
show  the  same  ratio  in  two  different  years.  Spray  injury  to  fruit 
and  to  foliage  occasioned  by  these  treatments,  and  reported  pre- 
viously (12)  bears  no  apparent  relation  to  the  Pb:As20.i  ratio  as 
reported  in  table  8.  The  most  striking  comparison,  however,  is 
between  the  two  varieties  sprayed  with  identical  mixtures  in 
1938.  Here  the  differences  are  consistent  and  relatively  large,  in- 
dicating that  weathering  may  proceed  more  rapidly  on  Stayman 
Winesaps  than  on  Jonathans.  A  similar  circumstance  was  pointed 
out  in  the  previous  paper  between  York  Imperials  and  Stayman 
Winesaps. 

Timing  of  spray  applications. — Excluding  the  "dynamite"  treat- 
ments, the  first  brood  codling  moth  sprays  applied  with  various 
stickers  and  in  various  schedules  during  the  seasons  of  1937  and 
1938  exhibited  no  great  differences  in  either  average  deposits  or 
retention  of  lead  and  arsenic  on  fruit  surfaces.  Possible  benefits 
from  a  "growth  schedule"  timing  were  obscured  in  1937  by  the 
arrangement  that  ended  both  the  "growth"  and  "regular"  sched- 
ules with  a  fifth  cover  spray  on  the  same  date.  Both  schedules 
maintained  high  deposits  during  the  critical  period  of  first  brood 
attack. 

During  1938,  the  growth  schedule  idea  was  subjected  to  a  more 
severe  test  when  three  applications  ending  on  June  9,  treatment  4, 
were  compared  with  four  applications  of  sprays  evenly  spaced 
and  ending  on  June  30,  treatment  3.  In  this  case,  growth  schedule 
deposits  were  much  reduced  by  growth  of  the  fruit  before  the  end 
of  the  period  of  codling  moth  attack. 

Spreading  and  adhesive  agents. -In  1937  it  was  possible  directly 
to  compare  fish  oil,  treatment  4,  Grasselli  Spreader-Sticker,  treat- 
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ment  7,  and  soybean  flour,  treatment  8,  in  their  effect  both  on  orig- 
inal deposits  and  their  retention.  The  charts  in  figure  2  show  that 
the  original  deposits  of  lead  and  arsenic  averaged  somewhat 
higher  from  the  mixture  containing  fish  oil  than  from  the  other 
two.  As  shown  by  table  5,  the  greatest  lead  residue  at  harvest  ap- 
peared in  the  treatment  receiving  soybean  flour,  and  the  treatment 
containing  fish  oil  retained  the  most  arsenic.  Retention  of  both 
poisons  was  least  with  Grasselli  Spreader-Sticker. 

In  1938,  a  direct  comparison  was  possible  between  skimmilk 
powder,  treatment  2,  and  soybean  flour,  treatment  3.  The  charts 
in  figure  4  and  the  data  in  table  7  indicate  that  both  the  deposit 
and  retention  from  these  two  mixtures  were  practically  identical. 

"Dynamite"  sprays. — In  1937,  as  has  already  been  shown  in  table 
3,  the  "dynamite"  spray,  treatment  6,  deposited  on  the  average 
considerably  greater  quantities  of  both  lead  and  arsenic  in  a  given 
spray  than  did  any  other.  Treatment  5,  in  which  a  proprietary 
compound  said  to  produce  the  "dynamite  type"  of  deposit  was 
used,  deposited  less  lead  than  treatment  6,  and,  averaging  the  tops 
and  bottoms  of  the  trees,  less  arsenic.  Treatment  5  appeared  to 
produce  no  greater  spray  deposits  than  the  average  of  those  from 
the  regular  mixtures  used  in  treatments  3,  4,  7,  and  8  applied  on 
the  same  date. 

At  the  time  of  sampling  on  July  28,  the  final  sprays  in  the  "dyna- 
mite" treatments  had  been  subjected  to  32  days  of  weathering  and 
fruit  growth,  while  only  11  days  had  elapsed  since  the  final  spray 
application  in  all  other  treatments.  A  comparison  of  slope  of  lines 
in  the  charts  shown  in  figure  2  indicates  that  during  these  respec- 
tive periods  the  deposits  of  lead  and  of  arsenic  were  lost  at  a  slower 
rate  from  the  fruits  in  treatments  5  and  6  than  from  the  others. 
Because  of  the  longer  period  of  time  involved,  however,  deposits 
were  lowest  on  July  28  in  these  "dynamite"  treatments.  Loss  con- 
tinued to  be  less  rapid,  particularly  in  treatment  6,  during  the 
period  from  July  28  to  harvest. 

In  1938  the  "dynamite"  spray  idea  received  its  most  severe  test 
in  treatment  7,  table  6,  where  the  second  and  final  cover  spray  was 
applied  on  June  6.  The  double  dosage  per  tree  of  an  inverted  mix- 
ture containing  6  pounds  of  lead  arsenate  per  100  gallons  built  up 
deposits  of  lead  and  arsenic  greater  than  those  in  any  of  the  "non- 
dynamite"  treatments.  After  25  days  of  weathering  and  of  fruit 
growth,  analyses  on  July  1  showed  that  these  deposits  were  still 
greater  in  the  bottoms  of  the  trees  and  nearly  as  great  in  the  tops 
as  those  produced  by  two  additional  "non-dynamite"  treatments 
applied  in  treatments  1  to  3,  and  ending  on  June  30,  the  day  before 
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the  analyses  were  made.  Deposits  on  fruits  in  the  bottoms  of  the 
trees  in  treatment  7  were  far  higher  at  this  time  than  in  the  "non- 
dynamite"  treatments,  as  may  be  seen  in  figure  4.  The  exact  situa- 
tion in  later  analyses  is  somewhat  in  doubt,  but  the  limited  samples 
analyzed  at  harvest  showed  the  largest  residues  in  treatment  7, 
table  7.  It  might  seem  that  a  heavier  residue  should  have  been 
found  in  treatment  5,  which  received  the  standard  concentration 
and  dosage  of  lead  arsenate  on  June  9.  In  this  treatment,  however, 
the  double  dosage,  double  concentration,  inverted  spray  was  ap- 
plied on  May  31,  and  the  deposit  produced  had  already  been  re- 
duced one-half  or  more  by  growth  of  fruit  before  the  application 
of  June  6  in  treatment  7. 


Codling  Moth  Control. — The  average  level  of  spray  deposits 
maintained  on  the  fruits,  and  the  total  cover  spray  gallons  applied 
in  the  various  treatments,  are  compared  with  the  data  relating  to 
codling  moth  control  in  tables  9  and  10.  For  1938,  figures  have  been 
taken  from  a  previous  publication  by  Worthley  and  Steiner  (12). 
The  figures  for  the  average  level  of  lead  deposits  are  weighted 
with  respect  to  time  intervals. 

In  1937,  table  9,  the  5-spray  schedules  exhibited  no  great  dif- 
ferences in  codling  moth  control.  The  abbreviated  "dynamite" 
schedules  employed  as  much  spray  material  per  tree,  and  gave 
nearly  as  good  control  of  codling  moth.  Fruit  growth  subsequent 
to  the  early  date  of  the  last  spray  application,  however,  reduced 
the  average  deposit  of  lead  per  unit  of  fruit  surface  during  the 
period  considered. 

Table  9. — Relation  between  average  level  of  lead  deposit  up  to  July  28, 
codling  moth  control,  and  amounts  of  spray  mixtures  used  on  Jonathans, 
1937. 


Treatment 

Average 

Numbers 

Deposit 

Clean  Fruit 

Worms 

Cover  Spray 

Ph,  Mg/M^ 

Per  100 

to  7/28 

Per  Cent 

Apples 

Gals 

.  per  Tree 

1 

243.3 

85.6 

3.0 

60 

2 

235.3 

87.2 

1.4 

60 

3 

238.1 

90.0 

1.3 

60 

4 

246.9 

87.7 

1.0 

60 

5 

169.9 

85.9 

3.1 

62 

6 

205.1 

88.2 

2.7 

62 

7 

220.5 

87.6 

1.9 

60 

8 

257.4 

88.0 

1.6 

60 

Control — no  spray 

72.7 

23.5 

Least  significant  difference 

2.2 

• 

(Odds  20 

1) 

3.8 
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In  1938,  table  10,  the  abbreviated  "dynamite"  schedules,  treat- 
ments 5  and  7,  maintained  high  average  deposits  with  no  increase 
in  the  amount  of  spray  material  used,  and  without  loss  of  codling 
moth  control.  In  treatment  6,  for  which  the  deposit  figures  are  not 
available,  but  which  received  the  first  two  cover  sprays  as  in  treat- 
ment 7,  only  43  cover  spray  gallons  per  tree  were  used.  However, 
this  treatment  produced  91  per  cent  clean  fruit  and  1.9  worms  per 
100  apples.  A  further  advantage  of  the  "dynamite"  schedule  is  the 
saving  in  labor  and  machinery  costs  resulting  from  the  fewer 
sprays  employed.  It  should  be  noted  that  treatment  8  received  four 
late  sprays  of  nicotine  bentonite,  so  that  the  low  deposit  of  lead  is 
not  reflected  in  an  increase  in  codling  moth  injury.  In  an  earlier 
paper,  the  authors  suggested  that  a  level  of  approximately  125 
milligrams  of  lead  per  square  meter  was  an  index  of  satisfactory 
protection  against  codling  moth.  While  this  figure  was  an  ap- 
proximation, the  degree  of  control  being  dependent  on  a  number 
of  factors,  the  figures  in  table  10  appear  to  indicate  that  this  level 
was  nearly  adequate  under  the  conditions  of  the  1938  experiments. 

Table  10. — Relation  between  average  level  of  lead  deposit  up  to  August 
8,  codling  moth  control,  and  amounts  of  spray  mixtures  used  on  Stayman 
Winesaps  in  1938. 


Treatment 

Average 

Numbers 

Deposit 

Clean  Fruit 

Worms 

Cover  Spray 

Ph,  MglM2 

Per  100 

to  8/8 

Per  Cent 

Apples 

Gals,  per  Tree 

1 

130.7 

82 

2.8 

66 

2 

142.2 

89 

1.9 

70 

3 

160.5 

90 

1.4 

73 

4 

147.3 

89 

3.9 

45 

5 

172.4 

90 

1.4 

66 

7 

195.7 

90 

2.5 

60 

8 

94.5 

95 

1.6 

113 

Control — no  spray 

69 

33.0 

Least  significant 

difference 

(Odds  20:1) 

5.5 

1.2 

Spray  Injury. — Data  on  the  extent  of  injury  to  the  fruits  v^ere 
taken  in  1937,  and  complete  data  as  to  the  injury  to  fruits  and 
leaves  and  the  number  of  dropped  fruits  in  1938.  This  information 
has  already  been  presented  by  Worthley  and  Steiner  (12).  The 
figures  indicated  that  in  both  years  the  injury  resulting  from  the 
fungicides  overshadov^ed  that  from  the  arsenicals.  In  1937,  those 
treatments  in  which  "Copper  Hydro  40"  w^as  used  as  a  fungicide 
caused  relatively  severe  injury  as  compared  w^ith  those  containing 
flotation  sulfur;  in  1938  the  liquid  lime  sulfur  caused  considerably 
greater  injury  than  the  copper  phosphate  mixture  containing  rela- 


tively large  amounts  of  lime.  No  significant  differences  in  spray 
injury  were  apparent  between  treatments  containing  the  same 
fungicides. 

SUMMARY 

The  present  bulletin  reports  the  results  of  chemical  analyses 
made  to  determine  the  amounts  of  lead  and  of  arsenic  deposited 
and  remaining  on  the  surfaces  of  apple  fruits  sprayed  with  acid 
lead  arsenate  in  various  schedules  and  mixtures  during  the  seasons 
of  1937  and  1938.  In  1937  the  variety  used  was  Jonathan;  in  1938 
Stayman  Winesap.  The  more  interesting  points  revealed  in  the 
study  are  listed  below. 

1.  Spray  deposits  of  lead  and  of  arsenic  were  greater  on  fruits 
from  the  bottoms  of  the  trees  than  on  those  from  the  tops.  The 
difference  was  more  marked  in  1938  than  in  1937  when  the  operator 
had  been  especially  trained  to  spend  most  of  his  time  in  an  effort 
to  get  thorough  spray  coverage  in  the  tops  of  the  trees. 

2.  Calculations  of  the  Pb:  AS2O3  ratio  in  the  data  collected  gave 
no  consistent  figure  for  either  fresh  or  weathered  deposits,  nor 
consistent  differences  in  the  ratios  exhibited  in  different  spray 
mixtures.  The  ratio  in  treatments  to  the  Jonathan  variety  was 
greater  in  1937  than  in  1938  (3.52  and  2.15).  In  treatments  applied 
to  Stayman  Winesaps  and  to  Jonathans  from  the  same  tanks  of 
spray  mixture  in  1938,  the  ratio  was  nearly  twice  as  great  in  the 
former  variety  (4.16  and  2.15). 

3.  In  1937  the  spacing  of  spray  applications  at  progressively 
longer  intervals  to  compensate  for  the  diminishing  growth  rate 
of  the  fruits,  "growth  schedule"  applications,  did  not  maintain  a 
consistently  higher  level  of  spray  deposits  than  the  spacing  of 
applications  at  uniform  intervals,  when  both  schedules  consisted 
of  five  cover  sprays  ending  on  the  same  date. 

4.  In  1938  the  deposits  produced  by  a  "growth  schedule"  of  three 
cover  spray  applications  ending  on  June  9  were  much  reduced  by 
subsequent  growth  of  the  fruit  before  the  cessation  of  codling 
moth  attack,  as  compared  with  a  schedule  of  four  uniformly  spaced 
applications  ending  on  June  30. 

5.  In  1937  it  appeared  that  the  addition  of  1  pint  of  fish  oil  per 
100  gallons  of  spray  mixture  resulted  in  greater  deposits  of  lead 
and  arsenic  than  the  addition  of  1  pound  of  soybean  flour.  Reten- 
tion of  lead,  but  not  of  arsenic,  was  greater  with  soybean  flour. 

6.  As  compared  in  4-cover  spray  schedules  in  1938,  soybean 
flour  at  1  pound  and  skimmilk  powder  at  0.5  pound  per  100  gallons 
of  spray  mixture  showed  little  difference  in  their  effect  on  the 
deposit  and  retention  of  lead  and  arsenic. 
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7.  In  1937  a  schedule  of  three  cover  sprays  ending  on  June  26, 
the  last  two  of  which  were  inverted  or  "Washington  State  College 
dynamite"  spray  mixture,  built  up  considerably  higher  deposits 
of  lead  and  arsenic  than  any  non-inverted  spray  mixture.  In  July 
28,  however,  after  32  days  of  exposure,  the  deposits  were  lower 
than  in  treatments  receiving  two  additional  non-inverted  spray 
applications  ending  on  July  17,  and  thus  analyzed  after  11  days  of 
exposure. 

8.  In  1938  a  treatment  involving  two  cover  sprays,  the  second 
of  which  was  applied  on  June  6,  and  comprised  a  double  concentra- 
tion of  lead  arsenate  in  a  "modified  Washington  State  College 
dynamite"  spray  mixture,  applied  at  a  double  dosage  per  tree, 
showed  deposits  of  lead  and  arsenic  nearly  as  great  as  those  in 
treatments  receiving  the  last  of  four  lead  arsenate  sprays  in  non- 
inverted  mixtures  on  June  30,  when  fruit  samples  were  analyzed 
on  July  1. 

9.  The  "dynamite"  treatment  mentioned  above  afforded  as  good 
codling  moth  control  as  more  extended  spraying  schedules. 
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Digest 

The  most  economical  protein  level  for  pigs  of  various  weights 
was  studied  by  feeding  them  rations  containing  corn  supplemented 
with  low  protein  tankage,  soybean  oilmeal,  and  alfalfa  meal.  The 
pigs  were  fed  individually  and  the  feed  intake  was  controlled 
in  order  to  have  a  valid  comparison  between  different  levels  of  pro- 
tein intake. 

The  results  obtained  in  these  experiments  are  summarized  for 
different  weight  intervals  in  order  to  determine  the  approximate 
protein  requirements  for  different  stages  of  growth. 

Financially,  the  most  economical  protein  level  for  pigs  from 
weaning  to  the  average  weight  of  70  pounds  was  found  to  be  22 
per  cent.  If  the  price  of  protein  is  high  and  that  of  corn  is  low,  a 
ration  containing  17  per  cent  protein  may  be  the  most  economical. 
The  pigs  fed  a  high  protein  ration  during  the  period  following 
weaning  were  more  thrifty  and  stronger  than  those  fed  at  lower 
levels. 

The  most  economical  level  of  protein  for  pigs  between  the  ap- 
proximate weights  of  75  and  125  pounds  was  found  to  be  between 
17  and  20  per  cent. 

The  most  economical  quantity  of  protein  in  the  ration  for  pigs 
between  the  weights  of  125  and  200  pounds  was  found  to  be  ap- 
proximately 15  per  cent. 

The  percentage  of  protein  recommended  for  pigs  above  the 
weight  of  100  pounds  will  depend  upon  the  future  use  of  the  pig. 
If  the  pig  is  to  be  retained  for  breeding,  a  high  protein  ration,  re- 
gardless of  cost,  is  recommended;  but  if  the  pig  is  to  be  fattened, 
the  most  economical  ration  is  best. 

As  measured  by  gain  in  live  weight,  the  addition  of  cod  liver  oil 
concentrate  did  not  improve  a  15  per  cent  protein  ration  for  grow- 
ing pigs  which  had  ordinary  access  to  sunlight. 


T.  B.  Keith  and  R.  C.  MiLLERf 

RATIONS  for  pigs  consist  largely  of  grains,  chief  among  which  is 
corn.  Most  of  the  feed  grains  which  the  farmer  produces,  corn 
included,  are  deficient  in  quantity  and  quality  of  protein  and  must 
be  supplemented  with  protein  from  other  sources.  In  many  cases 
supplementary  protein  meals  must  be  purchased,  usually  at  prices 
above  those  of  other  feeds. 

However,  it  is  now  possible  in  most  cases  to  obtain  highly  effi- 
cient protein  mixtures  by  the  home  mixing  of  feeds  which  are 
either  available  in  the  community  of  the  swine  producer  or  obtain- 
able at  a  reasonable  cost. 

Soybean  oil  meal,  alfalfa  meal,  and  low  protein  tankage  are  such 
feeds.  Because  of  increased  production  of  soybeans  to  provide 
soybean  oil  for  industrial  use,  an  increased  quantity  of  soybean 
oilmeal  is  available  for  livestock  feeding.  Alfalfa  is  also  more 
abundant  than  previously,  there  having  been  an  increased  produc- 
tion of  alfalfa  of  approximately  100  per  cent  during  the  last  10  years 
in  Pennsylvania  and  neighboring  states.  In  the  case  of  feeding 
tankage,  this  material  was  originally  produced  largely  by  only  the 
large  meat  packing  companies.  In  late  years,  however,  small  abat- 
toirs have  been  producing  low  protein  tankage  in  increasing  quan- 
tities and  now  it  is  readily  available  in  the  communities  of  many 
feeders. 

This  bulletin  is  a  report  of  a  series  of  experiments  in  which  pro- 
tein was  fed  at  various  levels  to  pigs  of  different  ages  and  weights, 
table  1.  The  sources  of  protein  used  to  supplement  corn  were  soy- 
bean oilmeal,  34  per  cent  protein  tankage,  and  alfalfa  meal. 

Chester  White,  Poland  China,  Duroc  Jersey,  and  Berkshire  pigs 
were  used,  the  breeds  being  distributed  uniformly  in  each  experi- 
ment. 

The  chemical  composition  of  the  yellow  corn,  soybean  oilmeal, 
and  alfalfa  was  relatively  constant.  The  protein  and  ash  contents 
of  the  tankage  varied  by  as  much  as  3  per  cent,  table  2. 


♦Authorized  for  publication  September  27.  1940  Professor  of  Agricultural 

tAssistant  Professor  of  Animal  Husbandry,  and  Assistant  i-roie.soi  o 
and  Biological  Chemistry,  respectively. 
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Table  1.— < 

Outline  of  ex 

periments  for  the  determination 

of  economical 

levels  of  protein  for  feeding  growing  pigs. 

Protein 

Methods 

Contents 

Number 

Experiment 

OF  Feed 

OF  Feed 

OF  Indi- 

Average Weight 

Numbers 

Control 

Mixtures 

viduals 

Initial 

Final 

per  cent 

pounds 

pounds 

1 

pairs 

10 

10 

131 

173 

15 

10 

129 

185 

2 

trios 

15 

13 

82 

202 

20 

13 

85 

205 

25 

13 

86 

193 

3* 

individuals 

15 

12 

53 

176 

15 

12 

48 

156 

4 

trios 

12 

13 

40 

186 

17 

13 

38 

220 

22 

13 

41 

204 

5 

trios 

17 

10 

33 

82t 

22 

10 

32 

77t 

27 

10 

34 

83t 

*A  comparison  of  a  15  per  cent  protein  ration  with  the  same  ration  supplemented 
with  cod  liver  oil. 

tThese  pigs  were  continued  on  a  17  per  cent  protein  ration  to  the  average  weights  of 
173,  162,  and  165  pounds,  respectively. 

Tankage. — A  low  protein  tankage  produced  by  a  local  meat  pack- 
ing plant  was  used  in  this  study.  It  was  made  from  slaughterhouse 
waste  consisting  of  material  derived  from  sheep,  cattle,  and  hogs 
in  about  equal  quantities  uniformly  throughout  the  year.  This 
material  consisted  largely  of  heads,  bones,  intestines,  and  some 
meat  scraps  with  the  addition  of  a  small  quantity  of  pork  liver  in 
summer.  After  being  cooked  4  or  5  hours  under  a  steam  pressure 
of  60  pounds,  the  water  was  drained  off  and  the  tankage  cooked 
another  4  or  5  hours.  Then  it  was  dried  for  a  period  of  approxi- 
mately five  hours  and  finally  ground  and  sacked. 

Soybean  oilmeal. — The  soybean  oilmeal  for  these  tests  was  pur- 
chased from  a  large  midwestern  plant.  A  greater  portion  of  the 
soybeans  used  in  its  preparation  were  of  the  Illini  variety  grown  in 
central  Illinois.  They  were  cleaned  and  dried  to  about  8  per  cent 

Table  2. — Average  chemical  composition  of  feeds  used. 


Feeds 

Dry 

Matter 

Total 
Protein 

Fat 

Crude 
Fiber 

Nitrogen 

Free 
Extract 

Ash 

Calcium 

Phos- 
phorus 

Yellow  corn 
Tankage 
Soybean  oilmeal 
Alfalfa     meal 

per 

cent 

88.6 
91.8 
92.1 
90.2 

per 
cent 

8.9 
33.6 
40.6 
20.4 

per 
cent 

3.1 

10.0 

5.4 

1.6 

per 
cent 

1.4 

5.7 

26.4 

per 
cent 

74.0 

7.0 

35.0 

35.3 

per 
cent 

1.2 

41.2 

5.4 

6.5 

per 
cent 

.05 

14.86 

.30 

1.48 

per 
cent 

.34 

7.05 

.71 

.30 

Bulletin  401 — Levels  of  Protein  for  Pigs 


moisture  content  before  being  taken  to  the  plant  for  processing. 
Then  they  were  run  through  rolls  and  cracked  to  about  one-fourth 
or  one-eighth  of  their  original  size  and  passed  through  driers  to 
reduce  their  moisture  content  to  about  2  per  cent.  The  cracked  soy- 
beans were  next  put  through  Anderson  expellers,  and  the  oil  was 
extracted  so  that  the  finished  meal  contained  about  5i  per  cent  of 
oil.  The  temperature  reached  275°  to  280°  F.  as  the  beans  passed 
through  the  expellers  to  extract  the  major  portion  of  the  oil. 

Alfalfa. — The  alfalfa  meal  used  was  made  from  sun  dried  al- 
falfa hay  grown  in  central  Pennsylvania  and  contained  both  the 
stems  and  the  leaves.  Yellow  corn  of  grade  No.  2  was  used  in  all 
experiments. 

LOW  PROTEIN  RATIONS 

In  experiment  1,  a  10  per  cent  protein  ration  was  compared  with 
a  15  per  cent  protein  ration.  The  average  initial  weights  of  the  2 
groups  of  pigs  were  131  and  129  pounds  with  individual  weights 
ranging  from  96  to  157  pounds.  The  average  final  weights  were  173 
and  185  pounds  with  individual  weights  ranging  from  114  to  208 
pounds. 

The  experiment  was  conducted  between  May  5  and  June  16, 1936. 
The  tests  varied  in  length  from  35  to  42  days  because  the  pigs  at- 
tained final  weights  on  different  dates.  Twenty  pigs  were  fed  in 
individual  stalls  and  housed  in  a  colony  house,  being  allowed  to  run 
in  quarter-acre  lots  which  were  free  of  vegetation.  These  pigs  were 
fed  as  10  matched  pairs  with  respect  to  sex,  breed,  and  weight, 
and  each  member  of  each  pair  received  the  same  quantity  of  feed. 
One  member  of  each  pair  was  fed  the  10  per  cent  protein  ration 
and  the  other  member  was  fed  the  15  per  cent  protein  ration. 

Because  of  its  high  fiber  content  only  4  per  cent  of  alfalfa  meal 
was  included  in  the  rations,  the  quantity  being  the  same  in  each, 
table  3. 

Table  3.— Feeds  and  quantity  of  each  used  in  the  10  and  15  per  cent  pro- 
tein rations  of  experiment  1.  ^ 


Protein 
Contents 

OF 

Rations      Corn 


Tankage 


Soybean    Alfalfa 
Oilmeal      Meal 


Salt' 


Ground 
Lime- 
stone 


per  cent      pounds       pounds 

10       93       1 
15       76       15 


pounds       pounds 
1        4 
4        4 


pounds        pounds 


.5 

.5 


.5 
.5 


♦Sodium  chloride  (common  salt) 


Data  relating  to  weights,  ages,  gains  and  feed  consumption  are 
shown  in  table  4. 
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Table  4. — Gains,  weights,  feed,  consumption,  and  economy  of  gains  of  10 
pairs  of  pigs;  one  member  of  each  pair  was  fed  a  10  per  cent  and  the  other 
a  15  per  cent  protein  ration. 


Pair 
No. 

Age  at 
Begin- 
ning 

Pro- 
tein 

Test 
Period 

Initial 
Weight 

Final 
Weight 

Total 
Gain 

Average 

Daily 

Gain 

Average 

Daily 

Ration 

Total 
Feed 

Feed  per 

100  LB. 

Gain 

1 

days 

197 
264 

•per 
cent 

10 
15 

days 

35 
35 

pounds  pounds 

157          205 
150          205 

pounds  pounds  pounds  pounds 

48           1.37           5.51           193 
55           1.57           5.51           193 

pounds 

402 
351 

2 

264 
208 

10 
15 

35 
35 

142 
144 

191 
206 

49 
62 

1.40 
1.77 

5.68 
5  68 

199 
199 

406 
320 

3 

194 
223 

10 
15 

35 
35 

151 
146 

198 
208 

47 
62 

1.34 
1.77 

5.44 
5.44 

190 
190 

405 
307 

4 

194 
223 

10 
15 

42 
42 

131 
124 

181 
189 

50 
65 

1.19 
1.55 

5.13 
5.15 

216 
217 

432 
334 

5 

232 
225 

10 
15 

42 
42 

129 
130 

188 
204 

59 

74 

1.40 
1.76 

5.29 
5.29 

222 
222 

377 
300 

6 

194 
193 

10 
15 

35 
35 

96 
104 

114 
142 

18 
38 

.51 
1.09 

3.16 
3.13 

111 
109 

614 
287 

7 

193 
232 

10 
15 

42 
42 

123 
107 

163 
162 

40 
55 

.95 
1.31 

4.01 
4.00 

169 
168 

421 
305 

8 

205 
220 

10 
15 

42 
42 

117 
124 

150 
167 

33 
43 

78 
1.02 

3.87 
3.86 

163 
162 

493 
377 

9 

252 
218 

10 
15 

42 
42 

137 
127 

184 
184 

47 
57 

1.12 
1.36 

4.74 
4.70 

199 
197 

424 
346 

10 

195 
208 

10 
15 

42 
42 

128 
138 

160 
185 

32 

47 

.76 
1.12 

3.79 
3.71 

159 
156 

497 
332 

Average 

222 
193 

10 
15 

39 
39 

131 
129 

173 
185 

42 
55 

1.08 
1.43 

4.66 
4.65 

182 
181 

447 
326 

The  pigs  fed  the  15  per  cent  protein  ration  made,  on  the  average, 
a  32  per  cent  greater  gain  in  weight  and  required  37  per  cent  less 
feed  for  each  100  pounds  gain  than  the  pigs  fed  the  10  per  cent 
protein  ration.  In  every  pair  the  pig  fed  the  15  per  cent  protein 
ration  made  the  greater  gain  and  required  less  feed  per  unit  of 
gain.  The  individual  average  daily  gains  of  the  pigs  fed  the  15  per 
cent  protein  ration  ranged  from  .20  to  .58  pound,  or  from  14  to  114 
per  cent  more  than  their  paired-mates  fed  the  10  per  cent  protein 
ration.  The  feed  required  per  100  pounds  gain  for  the  individual 
pigs  fed  the  15  per  cent  protein  ration  ranged  from  51  to  327  pounds, 
or  12  to  53  per  cent  less  than  that  for  the  paired  mates  fed  the  10 
per  cent  protein  ration,  table  4. 

HIGH  PROTEIN  RATIONS 

In  experiment  2,  comparisons  were  made  of  the  gains  in  live 
weight  of  3  groups  of  pigs  fed  15,  20,  and  25  per  cent  protein  rations, 
respectively.  The  average  initial  weights  of  the  3  groups  were  82, 
85,  and  86  pounds,  with  individual  weights  ranging  from  70  to  113 
pounds.  The  average  final  weights  of  the  3  groups  were  202.  205, 
and  193  pounds  with  individual  weights  ranging  irom  151  to  231 
pounds,  table  6. 


The  experiment  was  conducted  between  July  16  and  October  8, 
1938.  Tests  of  individuals  varied  in  length  from  70  to  84  days. 
Thirty-nine  pigs  were  fed  in  individual  stalls  in  an  experimental 
barn  with  concrete  floors  and  concrete  outside  runways.  These 
pigs  were  selected  in  trios  of  the  same  breed,  sex,  and  approximate 
weight.  Respective  members  of  each  trio  were  fed  15,  20,  and  25 
per  cent  protein  rations.  The  feed  allowance  was  the  same  for 
each  member  of  a  trio  but  it  varied  between  different  trios.  The  al- 
lowance of  feed  given  to  each  trio  was  determined  by  that  member 
which  consumed  the  least  quantity  of  feed. 

The  three  rations  contained  the  same  quantities  of  alfalfa  but 
the  proportions  of  tankage  and  soybean  oilmeal  varied  to  give  the 
desired  quantity  of  protein  in  the  respective  rations,  table  5. 

Table  5. — Feeds  and  quantity  of  each  used  in  the  15,  20,  and  25  per  cent 
protein  rations  of  experiment  2. 


Protein 
Contents 

OF 

Rations 

Corn 

Tankage 

Soybean 
Oilmeal 

Alfalfa 
Meal 

Salt* 

per  cent 

15 
20 
25 

pounds 

76.5 
57.5 
42.5 

pounds 

15 
20 
18 

pounds 

4 
18 
35 

pou7ids 

4 
4 
4 

pounds 

.5 
.5 
.5 

♦Sodium  chloride. 

Fig.  l.-The  pigs  on  test  were  fed  in  these  individual  stalls  in  this  ex- 
perimental  barn. 
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The  average  daily  gains  and  the  average  feed  required  for  each 
100  pounds  of  gain  v^ere  the  same,  1.55  pounds  and  276  pounds  re- 
spectively, for  the  pigs  fed  the  15  and  20  per  cent  protein  rations. 
The  average  daily  gains  of  the  pigs  fed  the  25  per  cent  protein  ra- 
tion were  statistically  significantly  lower  than  the  average  daily 
gains  of  the  pigs  fed  the  15  and  20  per  cent  rations.  Of  the  13  trios, 
in  6  trios  the  member  receiving  the  15  per  cent  protein  ration,  in  6 
trios  the  member  receiving  the  20  per  cent  protein  ration,  and  in  1 
trio  the  member  receiving  the  25  per  cent  protein  ration  made  the 
greater  gains,  table  6. 

Table  6.— Gains,  weighls,  feed  consumption,  and  economy  of  gains  of  13 
trios  of  pigs,  1  member  of  each  trio  receiving  a  15  per  cent,  1  a  20  per  cent, 
and  1  a  25  per  cent  protein  ration. 


Trio 
No. 


Protein 
Contents 

OF 

Rations    Age 


Test 

Peri-  Initial 
OD    Weight 


Final 
Weight 


Average 
Total    Daily 
Gain      Gain 


Average 
Daily 
Ration 


Total 
Feed 


Feed  per 

100  Lbs. 

Gain 


per  cent 

days 

days 

pounds  pounds 

pounds  pounds  pounds  pounds  pounds 

1 

15 

20 

156 

77 

80 

192 

112 

1.45 

3.25 

251 

224 

112 

77 

75 

197 

122 

1.58 

3.23 

249 

204 

25 

132 

77 

76 

201 

125 

1.62 

3.25 

250 

200 

2 

15 

132 

70 

83 

198 

115 

1.64 

4.26 

299 

260 

20 

132 

70 

88 

209 

121 

1.73 

4.27 

299 

247 

25 

132 

70 

84 

175 

91 

1.30 

4.27 

299 

328 

3 

15 

132 

70 

94 

207 

113 

1.61 

4.35 

305 

270 

20 

130 

70 

95 

217 

122 

1.74 

4.36 

306 

250 

25 

130 

70 

92 

192 

100 

1.43 

4.38 

307 

307 

15 

130 

84 

73 

210 

137 

1.63 

4.57 

384 

280 

20 

105 

84 

76 

204 

128 

1.52 

4.58 

385 

301 

25 

108 

84 

74 

203 

129 

1.54 

4.58 

385 

298 

15 

130 

77 

79 

208 

129 

1.67 

4.25 

327 

254 

20 

130 

77 

84 

210 

126 

1.64 

4.24 

326 

259 

25 

130 

77 

88 

196 

108 

1.40 

4.24 

326 

302 

15 

116 

84 

75 

213 

138 

1.64 

4.80 

370 

268 

20 

105 

84 

83 

189 

106 

1.26 

4.81 

370 

349 

25 

105 

84 

76 

200 

124 

1.48 

4.80 

370 

298 

15 

101 

77 

80 

213 

133 

1.73 

4.50 

347 

261 

20 

130 

77 

81 

208 

127 

1.65 

4.50 

347 

273 

25 

130 

77 

94 

212 

118 

1.53 

4.51 

347 

294 

15 

128 

70 

S5 

200 

105 

1.50 

4.43 

310 

295 

20 

130 

70 

113 

231 

118 

1.69 

4.43 

310 

263 

25 

130 

70 

112 

209 

97 

1.39 

4.45 

312 

321 

15 

100 

84 

70 

190 

120 

1.43 

4.34 

364 

304 

ao 

101 

84 

71 

197 

126 

1.50 

4.35 

365 

290 

26 

128 

84 

74 

198 

124 

1.48 

4.34 

365 

294 

10 

15 

128 

84 

74 

206 

132 

1.57 

4.47 

375 

284 

ao 

100 

84 

72 

199 

127 

1.51 

4.41 

371 

292 

» 

100 

84 

73 

179 

106 

1.26 

4.45 

374 

353 

11 

15 

137 

70 

98 

202 

104 

1.49 

4.28 

299 

288 

ao 

137 

70 

110 

215 

105 

1.50 

4.28 

299 

285 

ao 

137 

70 

102 

186 

84 

1.20 

4.28 

299 

356 

12 

15 

137 

84 

82 

216 

134 

1.59 

4.09 

344 

256 

ao 

122 

84 

71 

179 

108 

1.29 

4.08 

342 

317 

ao 

122 

84 

73 

151 

78 

.93 

4.10 

345 

442 

13 

IS 

122 

77 

82 

176 

94 

1.22 

4.10 

316 

336 

137 

77 

91 

209 

118 

1.53 

4.13 

318 

269 

as 

137 

77 

95 

206 

111 

1.44 

4.09 

316 

284 

15 

i:6 

77 

82 

202 

120 

1.55 

4.28 

330 

276 

Average 

20 

121 

77 

85 

205 

120 

1.55 

4.28 

330 

276 

25 

125 

77 

86 

193 

108 

1.38 

4.29 

330 

314 

The  most  economical  ration  for  the  pigs  of  this  experiment  for 
weights  between  approximately  82  and  128  pounds  was  studied, 
table  7.  The  data  relating  to  gains  and  to  feed  consumption  of  the 
pigs  were  obtained  by  using  the  weights  of  each  individual  from 
the  beginning  of  the  experiment  to  the  weekly  weight  at  which 
the  pig  first  attained  125  pounds. 

Table  7. — Weights,  gains,  and  economy  of  gains  of  pigs  between  the 
average  initial  weight  of  82  and  the  average  final  weight  of  128  pounds, 
fed  the  15,  20,  and  25  per  cent  protein  rations. 


Number 
OF  Pigs 

Protein 

Contents  of 

Rations 

Period 

Initial 
Weight 

Final 
Weight 

Average 

Daily 

Gain 

Average 
Daily 
Ration 

Feed  for 

Each 

100  Lb. 

Gain 

13 

13 
13 

per  cent 

15 
20 
25 

days 

35 
31 

33 

pounds 

82 
85 
86 

pounds 

128 
128 
127 

pounds 

1.34 
1.39 
1.28 

pounds 

3.53 
3.42 
3.58 

pounds 

269 
252 
284 

The  pigs  fed  the  20  per  cent  protein  ration  made  more  rapid  gains 
on  less  feed  and  in  less  time  than  the  pigs  fed  the  15  or  the  25  per 
cent  protein  ration.  The  pigs  fed  the  20  per  cent  protein  ration 
made  .05  pound  greater  average  daily  gain,  3  per  cent  more  in  4 
days  or  similar  gains  in  11  per  cent  less  time,  than  the  pigs  fed  the 
15  per  cent  protein  ration.  They  ate  an  average  of  .11  pound  or  3 
per  cent  less  feed  per  day,  and  required  an  average  of  17  pounds  or 
6  per  cent  less  feed  for  each  100  pounds  of  gain  than  the  pigs  fed 
the  15  per  cent  protein  ration. 

The  optimum  percentage  of  protein  required  in  a  ration  for  pigs 
from  125  pounds  to  approximately  200  pounds  was  studied,  table 
8.  The  data  relating  to  gains  and  to  feed  consumption  of  the  pigs 
of  these  weights  were  obtained  by  using  values  for  each  individual 
from  the  weekly  weight  at  which  the  pig  first  surpassed  125  pounds 
to  the  weekly  weight  at  which  the  pig  first  reached  about  200 
pounds. 

The  pigs  fed  the  15  per  cent  protein  ration  made  about  the  same 
average  daily  gain  on  approximately  the  same  quantity  of  feed  for 
each  100  pounds  gain  in  28  per  cent  less  time  than  the  pigs  fed  the 

Table  8— Weights,  gains,  and  economy  of  gai^s  of  pigs  bet^ween  the 
average  initial  weight  of  127  and  the  average  hnal  weight  of  207  pounds  thai 
were  fed  15,  20,  and  25  per  cent  protein  rations. ^^^ 


Number 
OF  Pigs 


Protein 
Contents  of  Initial        Final 

Rations      Period       Weight       Weight 


Average 
Daily 
Gain 


Average 
Daily 
Ration 


Feed  for 

Each 

100  Lb. 

Gain 


7 
7 
7 


per  cent 

15 
20 
25 


days 

39 
46 
45 


pounds 

128 
128 
127 


pounds 

196 
207 
193 


pounds 

1.76 
1.73 
1.49 


pounds 

4.71 
4.58 
4.60 


pounds 

268 
265 
316 
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20  per  cent  protein  ration.  The  pigs  fed  the  25  per  cent  protein 
ration  made  the  slowest  average  daily  gain  and  required  the 
greater  quantity  of  feed  for  each  100  pounds  gain. 

MEDIUM    PROTEIN   WITH    COD    LIVER    OIL 

In  experiment  3,  a  comparison  was  made  in  gain  in  live  weight 
of  pigs  fed  the  15  per  cent  protein  ration  used  in  experiments  1 
and  2  with  and  without  cod  liver  oil.  Twenty-four  pigs  were 
divided  equally  as  to  breed,  sex,  and  approximate  weight  into  2 
groups  of  12  each.  All  pigs  were  full  fed  in  individual  stalls  in  the 
experimental  barn.  One  group  received  1  per  cent  of  cod  liver  oil 
concentrate*  in  its  ration,  and  all  pigs  had  ordinary  access  to  sun- 
light. The  average  initial  weights  of  the  2  groups  were  53  and  48 
pounds  with  individual  weights  ranging  from  31  to  75  pounds.  The 
average  final  weights  of  the  two  groups  were  176  and  156  pounds 
with  individual  weights  ranging  from  86  to  225  pounds,  table  9. 

♦a  blend  of  natural  vitamin  A  and  D  concentrate  and  non-destearinated  cod  liver 
oil.  Guaranteed  3000  U.  S.  P.  units  vitamin  A  and  400  U.  S.  P.  units  vitamm  D  per  gram 

Table  9. — Gains,  weighls,  feed  consumption,  and  economy  of  gains  of  2 
groups  of  pigs  full  fed  individually;  1  group  received  a  15  per  cent  protein 
ration  without  cod  liver  oil,  and  1  group  received  a  15  per  cent  protein 
ration  with  cod  liver  oil. 


Average 

Average 

Feed  Per 

Pig 

Test 

Initial 

Final 

Total 

Daily 

Daily 

Total 

100  Lb. 

No. 

Age 

Period 

Weight 

Weight 

Gain 

Gain 

Ration 

Feed 

Gain 

No  Cod  Liver  Oil 

days 

days 

pounds  pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

1 

122 

108 

56 

206 

150 

1.39 

2.71 

293 

195 

2 

135 

98 

71 

218 

147 

1.50 

2.83 

278 

189 

3 

123 

108 

49 

156 

107 

.99 

2.71 

293 

274 

4 

123 

108 

48 

121 

73 

.67 

2.77 

299 

410 

5 

123 

108 

50 

173 

123 

1.14 

2.77 

299 

243 

6 

122 

108 

52 

167 

115 

1.06 

2.78 

301 

262 

7 

123 

108 

43 

170 

127 

1.16 

2.62 

283 

223 

8 

155 

108 

56 

193 

137 

1.27 

2.76 

299 

218 

9 

116 

108 

49 

180 

131 

1.21 

2.55 

276 

211 

10 

117 

108 

36 

124 

88 

.81 

2.70 

292 

332 

11 

147 

108 

69 

184 

115 

1.06 

2.73 

295 

256 

12 

120 

108 

56 

219 

163 

1.50 
1.15 

3.03 
2.75 

328 
295 

201 

Average 

127 

107 

53 

176 

123 

251 

Cod  Liver  Oil 

1 

123 

108 

37 

160 

123 

1.14 

2.70 

292 

237 

8 

123 

108 

54 

169 

115 

1.06 

2.78 

301 

261 

3 

139 

108 

44 

136 

92 

.85 

2.48 

269 

292 

4 

123 

42 

46 

86 

40 

.97 

3.55 

149 

372 

5 

135 

108 

75 

225 

150 

1.39 

2.78 

302 

201 

6 

123 

108 

58 

125 

67 

.62 

2.53 

274 

409 

7 

123 

108 

56 

193 

137 

1.27 

2.56 

277 

202 

8 

118 

108 

53 

205 

152 

1.40 

2.77 

300 

197 

9 

116 

108 

44 

151 

107 

1.00 

2.52 

275 

255 

10 

155 

108 

31 

135 

104 

.96 

2.64 

285 

274 

11 

155 

108 

25 

104 

69 

.64 

2.72 

294 

426 

12 

120 

108 

46 

180 

134 

1.24 

2.95 

319 

238 

Average 

129 

102 

48 

156 

108 

1.04 

2.74 

278 

280 

This  experiment  was  conducted  between  January  27  and  May  15, 
1938.  The  tests  of  individual  pigs  varied  from  42  to  108  days. 

The  pigs  fed  the  15  per  cent  protein  ration  without  the  cod  liver 
oil  concentrate  made  .11  pound  or  10  per  cent  more  average  daily 
gain  and  required  29  pounds  or  10  per  cent  less  feed  for  each  100 
pounds  gain  than  pigs  fed  the  15  per  cent  protein  ration  with  cod 
liver  oil.  This  difference  is  not  great  enough  to  be  considered  sig- 
nificant. 

MEDIUM  PROTEIN  RATIONS 

In  experiment  4,  a  comparison  was  made  in  gains  in  live  weight 
of  3  groups  of  pigs  fed  12,  17,  and  22  per  cent  protein  rations  re- 
spectively. The  average  initial  weights  of  the  3  groups  were  40, 
38,  and  41  pounds,  with  individual  weights  ranging  from  24  to  58 
pounds.  The  average  final  weights  of  the  3  groups  were  186,  220, 
and  204  pounds  with  individual  weights  ranging  from  136  to  245 

pounds. 

The  experiment  was  conducted  from  May  24  to  November  7, 
1938,  a  period  of  167  days,  under  the  same  conditions  and  the  same 
method  of  feed  control  as  was  used  in  experiment  2.  In  this  ex- 
periment the  pigs  were  fed  3  times  instead  of  2  times  daily  as  in 

experiments  1  and  2. 

The  same  ingredients  as  in  experiments  1  and  2  were  used.  Four 
per  cent  of  alfalfa  was  included  in  each  ration,  table  10. 

Table  10. — Feeds  and  quanlity  of  each  used  in  Ihe  12,  17,  and  22  per  cent 
protein  rations  of  experiment  4. 


Protein 
Contents 
OF  Rations 


Corn 


Tankage 


per  cent 

12 
17 
22 


pounds 

87.5 

69.5 

-    51.5 


pounds 

4 
13 
22 


Soybean 

OiLMEAL 

pounds 

4 
13 
22 


Alfalfa 
Meal 


Salt^ 


pounds 

4 
4 

4 


pounds 
.5 

.5 


♦Sodium  chloride. 


The  pigs  fed  the  17  per  cent  protein  ration  made  the  most  rapid 
gains  and  required  the  smallest  quantity  of  feed  for  each  100  pounds 
of  gain,  even  though  the  feed  requirements  of  the  pigs  fed  the  12 
per  cent  and  the  22  per  cent  protein  rations  were  also  quite  low.  The 
average  daily  feed  intake  in  this  experiment  was  considerably 
lower  than  the  average  daily  intake  in  experiments  1  and  2  In  the 
latter  experiments,  the  average  daily  feed  intake  was  4.66  and 
4.28  pounds  respectively,  as  compared  to  2.76  pounds  for  experi- 
ment 4.  Evidently  two  factors  were  responsible  for  some  ot  this  dii- 
ference:  smaller  initial  weights  of  the  pigs,  and  poor  appetites  ot 
the  members  of  the  trios  fed  the  12  per  cent  protein  ration,  table  li. 
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Table  11. — Gains,  weights,  feed  consumption,  and  economy  of  gains  of 
13  trios  of  pigs,  1  member  of  each  trio  receiving  a  12  per  cent,  1  a  17  per  cent, 
and  1  a  22  per  cent  protein  ration. 


Trio 
No. 

Protein 
Contents 

of 
Rations 

Age 

Test    Initial  Final 
Period  Weight  Weight 

Total 
Gain 

Average 

Daily 

Gain 

Average 
Daily 
Ration 

Total 
Feed 

Feed  Per 

100  Lb. 

Gain 

per  cent  days 

days 

pounds  pounds  pounds 

pounds  pounds  pounds  pounds 

1 

12 
17 
22 

81 
64 
64 

167 
167 
167 

35 
38 
42 

156 
217 
222 

121 
179 
180 

.73 
1.07 
1.08 

2.58 
2.58 
2.57 

430 
430 
429 

355 
240 
238 

2 

12 
17 
22 

81 

167 

41 

237 

196 

1.17 

2.72 

453 

231 

81 

167 

43 

215 

172 

1.03 

2.77 

460 

267 

3 

12 
17 
22 

58 
58 

167 
167 

24 
25 

198 
192 

174 
167 

1.04 
1.00 

2.76 
2.75 

459 
458 

264 
275 

4 

12 
17 
22 

58 
58 
64 

167 
167 
167 

30 
33 
32 

136 
207 
212 

106 
174 
180 

.63 
1.04 
1.08 

2.59 
2.67 
2.67 

432 
445 
446 

408 
256 
248 

5 

12 
17 
22 

81 
64 
64 

167 
167 
167 

36 
37 
39 

218 
219 
225 

182 
182 
186 

1.09 
1.09 
1.11 

3.01 
3.01 
3.03 

501 
503 
505 

275 
276 
271 

6 

12 
17 
22 

12 

17 
22 

64 

167 

40 

210 

170 

1.02 

2.62 

437 

257 

7 

72 
88 

167 
167 

33 
41 

219 
195 

186 
154 

1.11 
.92 

2.73 
2.73 

455 
457 

245 
297 

8 

12 
17 
22 

88 
57 
57 

167 
167 
167 

42 
43 
43 

207 
207 
201 

165 
164 
158 

.99 
M 

.95 

2.85 
2.86 
2.87 

476 
476 
479 

288 
290 
303 

9 

12 
17 
22 

60 
72 

167 
167 

31 
37 

127 
217 

96 
180 

.57 
1.08 

2.75 
2.76 

458 
459 

477 
255 

10 

12 
17 
22 

85 
85 
85 

162 
162 
162 

49 
48 
54 

221 
241 
211 

172 
193 
157 

1.06 

1.19 

.97 

2.92 
2.91 
2.84 

474 
471 
461 

276 
244 
294 

11 

12 
17 
22 

81 
81 

162 
162 

45 
45 

238 
198 

193 
153 

1.19 
.94 

2.47 
2.48 

400 
402 

207 
263 

12 

12 
17 
22 

81 
81 
81 

167 
167 
167 

34 
34 
39 

178 
221 
209 

144 
187 
170 

.86 
1.12 
1.02 

2.83 
2.84 
2.82 

472 
473 
468 

328 
253 
275 

13 

12 
17 
22 

81 
81 
81 

167 
167 
167 

58 
46 
43 

194 
245 
163 

136 
199 
120 

.81 

1.19 

.72 

2.83 
2.86 
2.69 

473 
477 
449 

348 
240 
374 

12 

Average        17 

22 

77 
70 
67 

166 
166 
166 

40 
38 
41 

186 
220 
204 

146 
182 
163 

.88 

1.09 

.98 

2.79 
2.76 
2.75 

463 
457 
440 

332 
252 
282 

Among  the  13  pigs  fed  the  12  per  cent  protein  ration,  only  7 
reached  a  final  weight  of  150  pounds,  or  above,  within  166  days. 
One  pig  fed  the  17  per  cent  protein  ration  and  2  pigs  fed  the  22  per 
cent  protein  ration  failed  to  reach  150  pounds  within  166  days. 

The  protein  requirements  of  pigs  having  an  initial  weight  of  38 
pounds  and  being  carried  to  a  weight  of  75  pounds  were  studied, 
table  12.  The  data  relating  to  gains  and  to  feed  consumption  of  the 
pigs  were  obtained  by  using  the  weights  of  each  individual  from 
its  initial  weight  to  the  weekly  weight  at  which  the  pig  first  at- 
tained 70  pounds. 


Table  12. — ^Weights,  gains,  and  economy  of  gains  of  the  pigs  between 
the  average  initial  weight  of  38  and  the  average  final  weight  of  75  pounds, 
being  fed  12,  17,  and  22  per  cent  protein  rations. 


Feed  for 

Protein 

Average 

Average 

Each 

Number 

Contents  of 

Initial 

Final 

Daily 

Daily 

100  Lb. 

OF  Pigs 

Rations      Pebiod 

Weight 

Weight 

Gain 

Ration 

Gain 

per  cent 

days 

pounds 

pounds 

pounds 

pounds 

pounds 

9 

12 

76 

40 

74 

.45 

1.56 

375 

12 

17 

72 

38 

75 

.50 

1.43 

301 

12 

22 

70 

41 

74 

.51 

1.31 

289 

The  pigs  fed  the  22  per  cent  protein  ration  made  .06  pound  greater 
average  daily  gain,  13  per  cent  more  in  6  days  or  similar  gains  in 
8  per  cent  less  time,  than  the  pigs  fed  the  12  per  cent  protein  ration. 
They  ate  an  average  daily  ration  of  .25  pound  or  16  per  cent  less,  and 
they  required  86  pounds  or  23  per  cent  less  feed  for  each  100  pounds 
of  gain,  than  the  pigs  fed  the  12  per  cent  protein  ration.  The  pigs 
fed  the  17  per  cent  protein  ration  made  .05  pound  greater  average 
daily  gain,  11  per  cent  more  in  4  days  or  similar  gains  in  5  per  cent 
less  time,  than  the  pigs  fed  the  12  per  cent  protein  ration. 

They  ate  an  average  daily  ration  of  .13  pound  or  8  per  cent  less 
and  required  74  pounds  or  19  per  cent  less  feed  for  each  100  pounds 
of  gain  than  the  pigs  fed  the  12  per  cent  ration.  The  pigs  fed  the  22 
per  cent  protein  ration  made  .01  pound  greater  average  daily  gain, 
2  per  cent  more  gain  in  2  days  or  similar  gains  in  3  per  cent  less 
time,  than  the  pigs  fed  the  17  per  cent  protein  ration.  They  ate  an 
average  daily  ration  of  .12  pound  or  8  per  cent  less  and  required  12 
pounds  or  4  per  cent  less  feed  for  each  100  pounds  gain,  than  the  pigs 
fed  the  17  per  cent  protein  ration. 

Results  obtained  with  pigs  weighing  73  pounds  and  being  car- 
ried to  a  weight  of  131  pounds  are  given  in  table  13.  The  data  re- 
lating to  gain  and  to  feed  consumption  of  the  pigs  of  these  weights 
were  obtained  by  using  values  for  each  individual  for  the  weekly 
weight  at  which  the  pig  first  attained  70  pounds  and  the  weekly 
weight  at  which  the  pig  first  surpassed  125  pounds. 

Table  13.— Weights,  gains,  and  economy  of  ga^^s  of  the  pigs,  betw^^^ 
the  average  initial  weight  of  73  pounds  and  the  average  hnal  weight  of  131 
pounds,  being  fed  12,  17,  and  22  per  cent  protem  rations. 


Number 
of  Pigs 

Protein 
Contents  of 
Rations      Period 

Initial 
Weight 

Final 
Weight 

Average 
Daily 
Gain 

Average 
Daily 
Ration 

Feed  for 

Each 

100  Lb. 

Gain 

9 

12 
11 

per  cent       days 

12               54 
17               45 

22                48 

pounds 

73 
75 
75 

pounds 

128 
131 

128 

pounds 

1.02 
1.27 
1.13 

pounds 

3.20 
3.08 
2.86 

pounds 

310 
245 
259 
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The  pigs  fed  the  17  per  cent  protein  ration  made  .25  pound  or  .21 
per  cent  greater  average  daily  gain  in  9  days  or  similar  gains  in  17 
per  cent  less  time  than  the  pigs  fed  the  12  per  cent  protein  ration. 
They  ate  an  average  daily  ration  of  .12  pound  or  4  per  cent  less  total 
feed  and  required  65  pounds  or  21  per  cent  less  for  each  100  pounds 
gain  than  the  pigs  fed  the  12  per  cent  protein  ration.  The  pigs  fed 
the  17  per  cent  protein  ration  made  more  economical  gains  than  the 
pigs  fed  the  22  per  cent  protein  ration,  and  the  pigs  fed  the  22  per 
cent  protein  ration  made  more  economical  gains  than  the  pigs  fed 
the  12  per  cent  protein  ration. 

Results  are  summarized  in  table  14  for  pigs  from  a  weight  of  130 
pounds  to  a  weight  of  220  pounds.  The  data  relating  to  gains  and  to 
feed  consumption  of  the  pigs  were  obtained  by  using  the  weights  of 
each  individual  for  the  weekly  weight  at  which  the  pig  first  at- 
tained 125  pounds  and  the  average  final  weekly  weight  of  ap- 
proximately 215,  220,  and  208  pounds  for  the  respective  groups. 

Table  14. — Weights,  gains,  and  economy  of  gains  of  pigs  between  the 
average  initial  weight  of  128  pounds  and  the  average  final  weight  of  220 
pounds,  fed  12,  17,  and  22  per  cent  protein  rations. 


Feed  for 

Protein 

Average 

Average 

Each 

Number 

Contents  of 

Initial 

Final 

Daily 

Daily 

100  Lb. 

OF  Pigs 

Rations      Period 

Weight 

Weight 

Gain 

RATlbN 

Gain 

per  cent        days 

pounds 

pounds 

pounds 

pounds 

pounds 

5 

12                53 

130 

215 

1.59 

4.63 

282 

12 

17                49 

131 

220 

1.84 

4.52 

245 

10 

22                55 

128 

208 

1.56 

4.47 

302 

The  pigs  fed  the  17  per  cent  protein  ration  made  the  most  eco- 
nomical and  the  most  rapid  gains.  These  pigs  made  a  .25  pound  or 
16  per  cent  greater  average  daily  gain  in  4  days,  or  similar  gains  in 
8  per  cent  less  time,  with  an  average  daily  ration  of  .11  pound  or 
2  per  cent  less  than  the  pigs  fed  the  12  per  cent  protein  ration.  They 
required  37  pounds  or  13  per  cent  less  feed  for  each  100  pounds  of 
gain  than  the  pigs  fed  the  12  per  cent  protein  ration.  The  pigs  fed 
the  22  per  cent  protein  ration  made  more  economical  gains  than 
those  fed  the  12  per  cent  protein  ration  but  more  expensive  gains 
than  the  pigs  fed  the  17  per  cent  protein  ration. 

HIGH  PROTEIN  FROM  WEANING 

In  experiment  5,  a  comparison  was  made  in  gains  in  live  weight 
of  3  groups  of  pigs  fed  17,  22,  and  27  per  cent  protein  rations  during 
the  period  from  weaning  to  80  pounds  live  weight.  Following  this, 
a  comparison  was  made  of  the  gains  in  live  weight  of  these  same 
pigs  from  80  pounds  to  a  final  weight  of  approximately  170  pounds 


during  which  time  all  of  the  pigs  were  fed  a  17  per  cent  protein 
ration.  The  average  initial  weights  of  the  3  groups  were  33,  32,  and 
34  pounds,  with  individual  weights  ranging  from  27  to  40  pounds. 
The  average  final  weights  of  the  3  groups  were  82,  77,  and  83  pounds 
with  individual  weights  ranging  from  54  to  98  pounds.  Each  pig 
was  fed  for  a  period  of  63  days.  At  the  end  of  63  days  all  members 
of  each  trio  were  fed  a  17  per  cent  protein  ration  until  the  end  of 
the  experiment.  This  experiment  was  conducted  between  May  24 
and  October  4,  1939,  a  total  period  of  133  days. 

The  feeds  used  in  these  rations  were  the  same  as  those  in  the 
previous  experiments.  The  quantity  of  alfalfa  was  increased  from 
4  to  10  per  cent,  table  15. 

Table  15. — Feeds  and  quantity  of  each  used  in  the  17,  22,  and  27  per  cent 
protein  rations  in  experiment  5. 


Protein 

Contents  of 

Rations 


Corn 


Soybean     Alfalfa 
Tankage     Oilmeal        Meal 


Salt* 


per  cent 

pounds 

pounds 

pounds 

pounds 

pounds 

17 

65.5 

12 

12 

10 

.5 

22 

45.5 

22 

22 

10 

.5 

27 

36.5 

20 

33 

10 

.5 

♦Sodium 

chloride. 

The  pigs  fed  the  17  per  cent  protein  ration  showed  a  higher  rate 
of  gain  than  that  of  the  pigs  fed  the  22  per  cent  protein  ration  and 
a  rate  of  gain  equal  to  that  of  the  pigs  fed  the  27  per  cent  protein 
ration.  The  rate  of  gain  of  each  of  the  three  groups  is  considered  to 
be  normal.  The  feed  requirements  for  100  pounds  of  gain  for  the 
3  groups  were  lower  than  are  usually  reported  for  average  feed 
requirements  of  pigs  of  this  age  and  weight.  The  average  daily 
gains  and  the  feed  required  for  each  100  pounds  of  gain  of  the  3 
groups  fed  the  17,  22,  and  27  per  cent  protein  rations  were  not 
significantly  different,  table  16. 

A  further  study  was  made  of  the  economy  of  gains  of  the  three 
groups  of  pigs  from  the  average  weights  of  approximately  82,  77, 
and  83  pounds  to  average  weights  of  173,  163,  and  165  pounds  re- 
spectively, each  group  being  fed  the  17  per  cent  protem  ration, 
table  17. 

The  pigs  fed  the  17  per  cent  protein  ration  during  the  period 
previous  to  attaining  a  weight  of  82  pounds  made  more  economical 
gains  than  the  pigs  fed  the  22  and  27  per  cent  protein  rations. 
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Table  16. — Gains,  weights,  feed  consumption,  and  economy  of  gains  of 
10  trios  of  pigs,  1  member  of  each  trio  receiving  a  17  per  cent,  1  member 
a  22  per  cent,  and  1  a  27  per  cent  protein  ration,  for  a  period  of  63  days. 


Protein 

Average 

Average 

Feed  Per 

Trio 

Contents  of 

Initial 

Final 

Total 

Daily 

Daily 

Total 

100  Lb. 

No. 

Rations 

Age 

Weight 

Weight 

Gain 

Gain 

Ration 

Feed 

Gain 

per  cent 

days 

pounds  pounds  pounds  pounds 

pounds 

pounds 

pounds 

1 

17 

72 

38 

81 

43 

.68 

2.11 

94.1 

309 

22 

84 

36 

87 

51 

.81 

2.11 

93.1 

260 

27 

72 

38 

87 

49 

.78 

2.11 

93.1 

271 

2 

17 

84 

37 

98 

61 

.97 

2.63 

73.9 

272 

22 

84 

36 

96 

60 

.95 

2.62 

69.8 

276 

27 

72 

36 

87 

51 

.81 

2.60 

72.8 

321 

3 

17 

84 

30 

85 

55 

.87 

2.36 

92.4 

270 

22 

84 

34 

91 

57 

.90 

2.24 

81.4 

248 

27 

84 

32 

83 

51 

.91 

2.32 

99.5 

286 

4 

17 

72 

24 

55 

31 

49 

1.51 

95.1 

307 

22 

72 

21 

54 

33 

.52 

1.54 

95.1 

288 

27 

72 

28 

66 

38 

.60 

1.51 

96.1 

253 

5 

17 

84 

35 

91 

56 

.89 

2.25 

101.0 

180 

22 

84 

33 

82 

49 

.78 

2.23 

100.6 

287 

27 

72 

32 

82 

50 

.79 

2.25 

100.6 

283 

6 

17 

73 

30 

72 

42 

.67 

1.84 

94.9 

276 

22 

73 

29 

66 

37 

.59 

1.61 

80.9 

275 

27 

73 

30 

83 

53 

.84 

2.18 

116.7 

259  , 

7 

17 

76 

37 

88 

51 

.81 

2.06 

79.4 

255 

22 

76 

37 

61 

24 

.38 

2.06 

84.9 

542 

27 

76 

40 

89 

49 

.78 

2.06 

79.6 

265 

8 

17 

76 

31 

82 

51 

.81 

2.01 

10.6 

248 

22 

76 

32 

82 

50 

.79 

2.06 

10.9 

260 

27 

76 

34 

76 

42 

.67 

2.04 

10.8 

307 

9 

17 

73 

31 

78 

47 

.75 

2.07 

89.4 

278 

22 

73 

32 

77 

45 

.71 

2.07 

89.4 

290 

27 

73 

34 

88 

54 

.86 

2.01 

85.9 

235 

10 

17 

84 

36 

88 

52 

.82 

2.19 

80.2 

265 

22 

84 

27 

73 

46 

.73 

2.06 

71.7 

291 

27 

84 

38 

92 

54 

.86 

2.18 

76.8 

254 

17 

78 

33 

82 

50 

.78 

2.06 

90.6 

266 

Average 

22 

78 

32 

77 

45 

.72 

2.06 

87.6 

302 

27 

75 

34 

83 

49 

.78 

2.13 

92.9 

273 

The  data  shown  in  table  18  indicate  that  the  17  per  cent  protein 
ration  is  more  economical  for  pigs  between  the  weights  of  32  and  82 
pounds  than  the  22  or  27  per  cent  protein  rations,  since  the  pigs  fed 
the  17  per  cent  protein  ration  made  more  rapid  and  economical 
gains  over  the  entire  period  of  growth  up  to  173  pounds.  The  favor- 
Table  17. — Average  weights,  gains,  feed  consumption,  and  economy  of 
gams  of  3  groups  of  pigs,  between  the  average  initial  weight  of  77  and 
the  average  final  weight  of  173  pounds,  all  3  groups  receiving  the  17  per 
cent  protein  ration  for  a  period  of  70  days. 


Number 
OF  Pigs 

Level 
OF  Protein 
Intake  in  Pre- 
vious Period 

Initial 
Weight 

Final 
Weight 

Average 

Daily 

Gain 

Average 

Daily 

Ration 

Feed  Per 

100  Lb. 

Gain 

10 

8 

10 

per  cent 
17 
22 
27 

pounds 
82 
T? 
83 

pounds 
173 
163 
165 

pounds 
1.30 
1.25 
1.18 

pounds 
4.46 
4.52 
4.47 

pounds 
345 
366 
380 

Table  18. — Weights,  gains,  feed  consumption,  and  feed  requirements  of 
pigs  fed  17,  22,  and  27  per  cent  protein  rations  from  weights  at  weaning  to 
70  pounds;  then  a  17  per  cent  protein  ration,  to  all  groups,  for  the  remain- 
der of  the  experiment  for  a  total  period  of  133  days. 


;»-rotein 
Contents 
Number       of 
OF  Pigs  Rations 

Age 

Initial 
Weight 

Final 
Weight 

Total 
Gain 

Average 
Daily 
Gain 

Average 
Daily 
Ration 

Total 
Feed 

Feed  Per 

100  Lb. 

Gain 

per  cent 

10            17 

9            22 

10            27 

days 

78 
78 
75 

pounds 

33 
32 
34 

pounds 

173 
163 
165 

pounds 

140 
130 
131 

pounds 

1.05 
.92 
.98 

pounds 

3.34 
3.34 
3.36 

pounds 

445 
445 
447 

pounds 

318 
342 
342 

able  influence  of  the  17  per  cent  protein  ration  was  therefore 
reflected  in  the  period  of  growth  ensuing  after  the  weight  of  ap- 
proximately 82  pounds  was  attained. 

Nomographs  are  presented  which  are  based  on  the  results  ob- 
tained in  these  experiments.  These  charts  are  useful  in  determin- 
ing costs  of  gains  at  various  protein  levels  under  a  wide  range  of 
feed  prices. 

Nomograph  1  presents  the  comparative  cost  of  100  pounds  of 
gain  of  2  groups  of  pigs  between  the  approximate  weights  of  130 
to  185  pounds,  when  fed  15  and  when  fed  10  per  cent  protein  ra- 
tions, table  4.  For  example,  if  it  is  desired  to  know  the  most 
economical  level  of  protein  to  feed  with  a  supplement  mixture 
costing  $1.75  per  100  pounds  and  corn  at  75  cents  per  bushel,  a 
straight  edge  is  placed  across  the  chart  at  $1.75  at  the  left-hand  side 
and  75  cents  at  the  right-hand  side.  The  points  of  intersection  on 
the  15  per  cent  protein  scale  and  the  10  per  cent  protein  scale  in- 
dicate the  costs  of  100  pounds  of  gain,  which  are  $4.62  and  $6.05, 
respectively. 

Nomographs  2  and  3  cover  the  costs  of  gains  for  pigs  from  an  in- 
itial weight  of  approximately  80  pounds  to  a  final  weight  of  ap- 
proximately 128  pounds,  and  from  an  initial  weight  of  128  pounds 
to  a  final  weight  of  about  200  pounds,  for  rations  containing  25,  20, 
and  15  per  cent  protein.  The  data  used  in  making  nomographs  2 
and  3  were  taken  from  tables  7  and  8  respectively. 

Nomograph  4  presents  comparative  costs  of  100  pounds  of 
gain  for  pigs  weighing  approximately  38  to  74  pounds,  for  which 
data  are  given  in  table  12.  These  pigs  were  fed  22,  17,  and  12  per 
cent  protein  rations.  For  example,  if  it  is  desired  to  determine  the 
most  economical  level  of  protein  to  feed  with  a  supplement  mix- 
ture at  $1.75  per  hundred  pounds  and  corn  at  75  cents  per  bushel, 
a  straight  edge  is  placed  across  the  chart  at  $1.75  at  the  left-hand 
side  and  75  cents  at  the  right-hand  side.  The  points  of  intersection 
on  the  22  per  cent  protein  scale,  the  17  per  cent  protem  scale,  and 
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Nomograph  1:  For  the  rapid  calculation  of  the  feed  cost  of  100  pounds  gain  of 
pigs  from  an  average  initial  weight  of  130  pounds  to  an  average  final 
weight  of  185  pounds  when  fed  10  and  when  fed  15  per  cent  protein  rations.* 

Cosf^//O0  /be.  Go  in    Corn 
Profa/n  Supp/emenf  Per  Cent  Protein      Cost- 

Cost  H^/civf:  15  10     l^da 


*  Feeds  and  quantity  required  for  each  100  pounds  gain. 


Per  Cent  Protein  in  Ration 


15 


10 


Feeds 

Corn 

Tankage 

Soybean  Oilmeal 

Alfalfa  meal 

Salt 

Ground  limestone 


'pounds 

247.9 

48.9 

13.0 

13.0 

1.6 

1.6 


'pounds 

415.7 
4.5 
4.5 
17.9 
2.2 
2.2 


Total 


326.0 


447.0 


*Note  that  the  ration  having  the  highest  level  of  protein  is  the  left  hand  (first)  scale 
in  all  ol  the  nomographs. 
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Nomograph  2:  For  the  rapid  calculation  of  the  feed  cost  of  100  pounds  gain 
of  pigs  from  an  average  initial  weight  of  82  pounds  to  an  average  final 
weight  of  128  pounds  when  fed  15,  when  fed  20,  and  when  fed  25  per  cent 
protein  rations.* 

Coat  ^//OO  /be.  Qa/n 

Protein  Sapjo/ement'  Per  Cent  i^'otein  Corn 

Cosf^/o^vf.  25  20  t5  COstlS^/bu 


3.0- 


2.5- 


2.0- 


1.5- 


W- 


F 


tS 


8 


-7 


7 


-6 


6 


7 


r5 


r4 


5 


"5 


-4 


-4 


-3 


3 


2 


-3 


"Z 


-  / 


*  Feeds  and  quantity  required  for  each  100  pounds  gain^ 


Per  Cent  Protein  in  Ration 


25 


20 


15 


tL6 
V/.5 

Via 

'-1.3 
-LO 


T-J 


'-£ 


-.5 


r-.d 


i-.J 


Feeds 

Corn 
Tankage 
Soybean  oilmeal 
Alfalfa  meal 
Salt 


pounds 

120.7 

51.1 

99.4 

11.4 

1.4 


pounds 

144.9 

50.4 

45.4 

10.1 

1.2 


Total 


284.0 


252.0 


pounds 

205.7 

40.4 

10.8 

10.8 

1.3 

269.0 


f 
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Nomograph  3:  For  Ihe  rapid  calculation  of  the  feed  cost  of  100  pounds  gain  of 
pigs  from  an  average  initial  weight  of  128  pounds  to  an  average  final 
weight  of  200  pounds  when  fed  15,  when  fed  20,  and  when  fed  25  per  cent 
protein  rations/ 

^os/  4f//00  /jbs.  Gc7/n 
Profe/n  Su/qo/^/7?Gn/'  Per  C&nf  P/iDfiS/n  Corn 

Cost  iS^/cti//:  25  £0  /3  Cdsff!^/bu. 

3.5- 


3j0- 


2.5- 


2.0- 


1.5" 


1.0- 


-10 


-9 


-8 


-7 


-6 


-5 


-4 


-6 


-5 


^4- 


-3 


-2 


Vi\ 


-8 


-7 


-5 


-6 


-4 


-3 


-2 


L 


•Feeds  and  quantity  required  for  each  100  pounds  gain. 


Per  Cent  Protein  in  Ration  25 


20 


15 


Feeds 
Corn 
Tankage 
Soybean  oilmeal 
Alfalfa  meal 
Salt 

Total 


pounds 

134.3 

56.9 

10.6 

12.6 

1.6 

316.0 


'pounds 

152.4 

53.0 

47.7 

10.6 

1.3 

265.0 


pounds 

205.0 

40.3 

10.7 

10.7 

1.3 

268.0 


'rL5 
'^1.4 

1.3 
1.2 

rU 

''r-LO 
.9 
.8 


7 
.6 
.5 
A 
.3 
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Nomograph  4:  For  the  rapid  calculation  of  the  feed  cost  of  100  pounds  of 
gain  of  growing  pigs  from  an  average  initial  weight  of  38  pounds  to  an 
average  final  weight  of  75  pounds,  when  fed  12,  when  fed  17,  and  when 
fed  22  per  cent  protein  rations.* 

Cosf^//O0  /bs.  Go/'n  Corn 

Pro/e/n  Supp/emenf  Per  Cent  Profe/n  Cosf 

Cosf^/oivf.  22  /Z  /2  ^//)u 

35- 


3.0- 


2.5- 


2.0- 


15- 


1.0- 


-8 


-7 


-5 


-3 


-9 


-8 


-7 


-6 


-5 


-4 


-3 


-2 


'-II 


-10 


-9 


-8 


t7 


rS 


r5 


t4 


t3 


-2 


*  Feeds  and  quantity  required  for  each  100  pounds  gain. 


Per  Cent  Protein  in  Ration 


22 


17 


J2 


Feeds 
Corn 
Tankage 
Soybean  oilmeal 
Alfalfa  meal 
Salt 

Total 


pounds 

148.8 

63.6 

63.6 

11.6 

1.4 


pounds 

209.3 

39.1 

39.1 

12.0 

1.5 


pounds 

328.1 

15.0 

15.0 

15.0 

1.9 


289.0 


301.0 


375.0 


Vis 

■15 

1.4 

Vl.3 

1.2 

u 

1.0 
.9 


'^.8 


.7 
.6 

.5 

4 
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Nomograph  5:  For  the  rapid  calculation  of  the  feed  cost  of  100  pounds  gain 
of  pigs  from  an  average  initial  weight  of  75  pounds  to  an  average  final 
weight  of  128  pounds,  when  fed  12,  when  fed  17,  and  when  fed  22  per  cent 
protein  rations.*  Cosf  ^//OO  /be.  Gain  Corn 

Profe/n  Supp/emenf  Per  Cent  Profe/n  Cosf 

Cosf  0/ckvf:  ^2  //  fZ         ^/du 

3.5- 


3.0- 


Z5- 


2D- 


L5' 


1.0- 


-8 


-7 


-6 


-5 


-l. 


-3 


-2 


-7 


-6 


-5 


-4 


-3 


-2 


-9 


-8 


-7 


-6 


-3 


t4 


't3 


-2 


*  Feeds  and  quantity  required  for  each  100  pounds  gain. 


Per  Cent  Protein  in  Ration 


22 


17 


12 


■-L6 
\L5 

1.3 
''-1.2 

'--LO 

* 

h.7 

.5 
■4 
■J 


Feeds 

pounds 

pounds 

pounds 

Corn 

133.8 

170.4 

271.2 

Tankage 

57.0 

31.8 

12.4 

Soybean  oilmeal 

57.0 

31.8 

12.4 

Alfalfa  meal 

10.0 

9.8 

12.4 

Salt 

1.2 

1.2 

1.6 

Total 


259.0 


245.0 


310.0 


Nomograph  6:  For  the  rapid  calculation  of  the  feed  cost  of  100  pounds  gain 
of  pigs  from  an  average  initial  weight  of  130  pounds  to  an  average  final 
weight  of  220  pounds,  when  fed  12,  when  fed  17,  and  when  fed  22  per 
cent  protein  rations.*  ^^^/  ^//^  /^^  ^^^y^  ^^^^ 

Pnofe/n  Supp/emenf  Per  Cenf  Profe/n  Cosf 

Cosf  0/owf  22  /7  /2  ^/du 

3.5- 


30 


2.5- 


2.0- 


-9 


-s 


-/ 


-6 


1.5- 


LO- 


1 


-6 


-5 


-a 


-3 


'-2 


-8 


7 


-6 


5 


-4 


-3 


-2 


7 


-6 


-4 


-3 


-2 


■-L6 
'■-1.5 
\lA 
\l.3 
'■-12 
''-U 

'r.9 

-.8 

h.7 

> 

Is 


•Feeds  and  quantity  required  for  each  100  pounds  gain. 


Per  Cent  Protein  in  Ration 


22 


17 


12 


Feeds 

Corn 
Tankage 
Soybean  oilmeal 
Alfalfa  meal 
Salt 


pounds 

pounds 

pounds 

155.6 

170.4 

246.7 

66.4 

31.8 

11.3 

66.4 

31.8 

11.3 

12.1 

9.8 

11.3 

1.5 

1.2 

1.4 

Total 


302.0 


245.0 


282.0 


229 


22 
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the  12  per  cent  protein  scale  will  indicate  the  costs  of  100  pounds 
gain,  which  are  $4.20,  $4.39,  and  $5.15,  respectively. 

Nomographs  5  and  6  cover  costs  of  gains  for  pigs  from  an  initial 
weight  of  approximately  74  pounds  to  a  final  weight  of  about  128 
pounds,  and  from  an  initial  weight  of  approximately  128  pounds  to 
an  average  final  weight  of  220  pounds,  for  rations  containing  22, 
17,  and  12  per  cent  protein. 

As  shown  by  the  nomographs,  from  the  financial  point  of  view, 
for  pigs  between  40  and  70  pounds,  the  22  per  cent  protein  ration 
is  most  economical;  for  pigs  between  70  and  125  pounds  or  80  to  125 
pounds,  the  17  and  20  per  cent  rations,  respectively,  are  the  cheap- 
est; and  for  weights  between  125  and  approximately  200  pounds, 
the  15  and  17  per  cent  rations  are  the  least  expensive. 

These  nomographs  indicate  that  under  average  marketing  con- 
ditions, where  the  supplement  may  be  high  in  price  and  the  corn 
cheap,  the  15  per  cent  protein  ration  may  produce  the  most  eco- 
nomical gains  for  pigs  during  the  weight  intervals  of  80  to  125  and 
125  to  approximately  200  pounds.  Under  market  conditions,  when 
corn  is  high  in  price  and  protein  supplement  is  comparatively 
cheap,  a  higher  percentage  of  protein  may  give  the  most  eco- 
nomical gains.  These  nomographs  have  indicated  that  the  12  and 
10  per  cent  protein  rations  are  the  most  expensive. 


Reprinted  from  Proceedings  of  the  Society  for  Experimental  Biology  and 
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Manganese  as  a  Possible  Factor  Influencing  the  Occurrence  of 

Lameness  in  Pigs.* 

R.  C.  Miller,  T.  B.  Keith,  M.  A.  McCarty  and  W.  T.  S.  Thorp. 

From  the  Pennsylvania  State  College. 

Impairment  of  the  normal  movement  of  the  legs  frequently  occurs 
in  swine.  This  condition  is  variously  termed  lameness,  stiffness, 
posterior  paralysis  or  incoordination,  depending  on  its  severity  and 
etiology.  A  characteristic  stiffness  occurs  in  rickets  in  pigs,  a  con- 
dition in  which  there  is  abnormal  bone  development.  Incoordination 
occurs  in  pigs  as  the  result  of  vitamin  A  deficiency,  in  which  there  are 
degenerative  changes  in  the  central  nervous  system.  In  addition, 
however,  lameness  of  one  type  or  another  occurs  in  some  instances 
in  which  calcium,  phosphorus,  and  vitamins  A  and  D  do  not  appear  to 
be  the  limiting  factors. 

In  the  course  of  growth  studies  of  pigs  conducted  by  the  authors 
during  the  past  few  years,  a  type  of  stiffness  or  lameness  has  been 
encountered  which  appears  to  be  etiologically  different  from  any  of 
the  forms  described  in  the  literature.  This  condition  occurred  in 
pigs  which  were  fed  similar  rations,  all  of  which  were  comprised  of 
yellow  corn,  tankage,  soy  bean  oil  meal,  ground  alfalfa  hay  and  salt. 
The  pigs  were  fed  individually  and  indoors  but  had  access  to  direct 
sunlight  at  all  times  in  outdoor  paved  pens. 

The  growth  of  the  pigs  was  good  but  lameness  occurred  at  about 
the  time  they  reached  a  body  weight  of  150  pounds.  The  condition 
was  at  first' characterized  by  a  slightly  halting  gait,  but  it  slowly 
progressed  in  severity  until  it  was  only  with  difficulty  that  the  pigs 
could  rise  to  their  feet.  The  behavior  of  the  pigs  indicated  that 
the  condition  was  painful.  Gross  manifestations,  in  addition  to 
stiffness,  were  enlarged  hock  joints  and  crooked  legs  which  oc- 
curred even  with  some  pigs  which  never  became  stiff.     It  should  be 

TA^oriied^for  publication  on  June  8,  1940,  as  paper  No.  974  in  the  Journal 
Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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noted  that  only  30  out  of  a  total  of  60  pigs  receiving  the  above  treat- 
ment were  affected  with  stiffness.  During  the  period  of  experiment 
9  of  the  unaffected  pigs  did  not  attain  the  weight  of  150  pounds,  the 
weight  at  which  stiffness  usually  occurred. 

In  outward  appearance  the  condition  resembled  rickets.  However, 
it  was  not  alleviated  or  affected  in  any  way  by  the  addition  of  cal- 
cium and  phosphorus  to  the  ration  or  by  the  administration  of  cod 
liver  oil  and  irradiated  yeast.  Subsequent  analysis  of  the  ulni  and 
radii  of  18  affected  pigs  showed  that  the  mineral  content  of  these 
bones  was  normal,  the  average  value  for  bone  ash  being  58.92%  on 
the  dry,  fat-free  basis.  Normal  values  were  also  obtained  for  the 
inorganic  phosphorus  content  of  the  blood.  However,  there  were 
certain  constantly  occurring  changes  observed  in  the  leg  bones  which 
indicate  abnormal  development.  Upon  gross  examination,  the  distal 
extremity  of  the  radius  and  of  the  ulna  showed  enlargement.  Roent- 
genographs of  this  area  of  these  bones  indicate  that  there  is  an  in- 
creased activity  of  the  tissues  at  the  osteochondral  junction,  this  area 
being  definitely  enlarged,  but  there  was  no  apparent  irregularity  of 
the  zone  of  ossification  and  no  other  changes  present  other  than 
hypercalcification,  thus  eliminating  the  possibility  of  rickets. 

The  occurrence  of  stiffness  was  first  noticed  during  the  feeding  of 
rations  which  had  relatively  high  mineral  contents.  These  ranged 
from  6  to  9%  and  suggest  a  point  of  similarity  between  these  rations 
and  those  producing  perosis  in  chicks.  In  view  of  the  reported 
efficacy  of  manganese  in  preventing  perosis,  the  swine  rations  were 
analyzed  and  found  to  have  low  manganese  contents  ranging  from 
.0011  to  .0014%. 

Manganese  sulfate  was  then  added  to  the  swine  rations  in  amounts 
to  supply  50-60  parts  per  million  of  manganese.  As  a  result  15  pigs 
which  received  the  manganese  supplemented  rations  showed  no  signs 
of  stiffness.  Fifty  percent  of  litter  and  pen  mates  of  these  same  pigs 
fed  the  unsupplemented  rations  became  stiff  as  usual.  However,  the 
addition  of  manganese  to  the  ration  was  ineffective  in  curing  stiffness 
after  it  had  developed. 

Hogan^  has  recently  presented  evidence  to  show  that  factors  other 
than  manganese  may  be  involved  in  the  prevention  of  perosis  in 
chicks.  The  authors  do  not  claim  any  similarity  between  perosis  in 
chicks  and  the  type  of  stiffness  in  swine  described  above,  but  wish  to 
suggest  a  possible  role  of  manganese  in  the  nutrition  of  swine  which 
apparently  involves  bone  development. 

1  Hogan,  A.  G.,  Richardson,  L.  R.,  and  Homer,  Patrick,  paper  presented  at  the 
New  Orleans  Meeting  of  the  American  Institute  of  Nutrition,  March  13,  1940. 
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In  a  former  communication  from  this  laboratory  (Guerrant, 
Dutcher  and  Chornock,  '39)  it  was  shown  that  when  carefully 
selected  groups  of  young  rats  were  used  as  experimental  sub- 
jects under  comparable  conditions  of  experimentation,  less 
food  was  consumed,  smaller  increases  in  body  weight  were 
made  and  less  severe  symptoms  of  vitamin  A  deficiency  de- 
veloped when  the  animals  were  foix^ed  to  exercise  than  when 
permitted  to  exercise  voluntarily  or  when  confined  in  the 
usual  type  of  cage.  It  was  shown  that,  although  animals  which 
were  forced  to  exercise  exhibited  the  greatest  efficiency  of  food 
utilization,  they  voided  the  greatest  number  of  fecal  pellets, 
indicating  a  beneficial  effect  of  exercise  on  intestinal  motility. 
Furthermore,  it  was  shown  that  animals,  which  were  exercised 
voluntarily,  and  which  received  daily  allotments  of  vitamin  A, 
were  more  active  physically  tlian  were  the  litter  mates  which 
did  not  receive  the  vitamin  supplement. 

The  investigation  reported  at  this  time  concerns  itself  with 
similar  studies  regarding  the  effect  of  exercise  on  vitamin  Bj 
requirement. 

»  Authorized  for  publication  on  July  31,  1940,  as  paper  no.  982  in  the  Journal 
Series  of  the  Pennsylvania  Agricultural  Experiment  Station.  Presented  before 
the  division  of  biological  chemistry  at  the  Cincinnati  meeting  of  the  American 
Chemical  Society,  April  10,  1940. 
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EXPERIMENTAL 

The  present  investigation  consisted  essentially  of  a  com- 
parison of  the  physiological  activity  and  the  growth  responses 
of  comparable  groups  of  young  rats  while  being  maintained 
under  identical  conditions,  with  the  exception  of  the  amount 
of  exercise  permitted  by  the  type  of  caging  employed  and  of 
the  vitamin  Bi  intake.  The  experimental  equipment  was  iden- 
tical with  that  used  in  the  earlier  experiments.  With  the 
exception  of  the  following  details,  the  experimental  procedure 
was  also  similar  to  that  used  in  the  previous  investigation. 

Healthy  rats,  23  to  26  days  of  age  and  w^eighing  approxi- 
mately 52  gm.,  were  used  as  the  experimental  subjects.  All 
animals  were  fed,  ad  libitum,  a  vitamin  Bi  deficient  basal  diet 
which  had  the  following  percentage  composition:  purified 
casein  18,  salt  mixture  4,  cellu  flour  2,  sucrose  71,  filtered 
butterfat  3  and  cod  liver  oil  2.  Each  animal  received,  daily, 
10  Mg.  of  riboflavin  and  the  equivalent  of  100  mg.  of  rice  polish 
concentrate  -  as  supplements  to  the  basal  diet.  Each  set  of 
animals  was  divided  into  two  groups.  The  animals  of  one 
group  received  the  unsupplemented  vitamin  Bi  deficient  diet 
until  they  were  depleted  of  their  body  reserves  of  vitamin  Bi. 
With  the  development  of  the  paralytic  symptoms  character- 
istic of  vitamin  Bi  deficiency,  each  animal  of  this  group  was 
fed  6  Mg.  of  vitamin  Bi  daily  for  a  period  of  35  days.  The 
second  group  of  animals  served  as  positive  controls  and,  in 
consequence,  each  animal  received  6  Mg.  of  vitamin  Bi  daily 
throughout  the  experimental  period. 

DATA 

The  data  reported  at  this  time  have  been  reduced  to  group 
averages  and  are  given  in  figures  1  to  5  inclusive.  In  making 
these  tabulations  only  data  from  those  animals  which  survived 
the  entire  experimental  period  have  been  included. 

'Obtained  from  The  Borden  Company,  Bainbridge,  New  York.  Two  hundred 
grams  of  this  product  were  dissolved  in  750  ml.  of  distilled  water,  autoclaved  for 
4  hours  at  15  pounds  pressure,  cooled,  filtered  and  made  up  to  1  liter. 
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DISCUSSION 

It  was  observed  that  animals  in  the  ** forced  exercise"  group 
were  unable  to  undergo  the  desired  1000  cage  revolutions  daily, 
during  the  first  few  days  of  the  experiment,  without  becoming 
exhausted.  As  a  result,  the  exercise  requirement  for  these 
animals  was  less  than  1000  revolutions  per  day,  during  this 
period.  The  number  of  revolutions,  daily,  was  gradually  in- 
creased until  all  animals  were  meeting  the  specified  exercise 
requirement  of  1000  revolutions  per  day,  by  the  end  of  the 
first  week. 
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Fig.  1  The  mean  variation  in  physical  activity  of  two  groups  of  young  rats 
maintained  under  comparable  conditions  in  all  respects  except  as  to  their  vitamin 
Bj  intake. 

In  the  course  of  these  studies  a  rather  significant  observa- 
tion was  made  in  that  those  animals  of  the  voluntary  exercise 
groups  which  were  depleted  of  their  vitamin  Bi  reserve  were 
found  to  be  more  active  physically,  during  the  first  few  weeks 
of  the  depletion  period,  than  comparable  animals,  similarly 
caged,  but  receiving  6  Mg-  of  vitamin  B:  daily  (fig.  1).  During 
the  first  day  or  so  of  the  experiment  all  animals  of  the  volun- 
tary exercise  group  deported  themselves  similarly.  By  the 
end  of  the  first  week,  however,  it  was  noted  that  the  animals 
which  were  not  receiving  the  vitamin  supplement  were  rotatmg 
the  wheels  of  their  respective  cages  more  frequently  than 
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were  the  animals  which  received  the  vitamin  supplement.  This 
condition  became  even  more  noticeable  as  the  experiment  pro- 
gressed. By  the  twenty-first  day  of  the  experiment  the  animals 
undergoing  depletion  were  making  twice  as  many  revolutions 
as  litter  mates  receiving  thiamin,  and  approximately  three 
times  as  many  revolutions  as  the  animals  of  the  forced  exer- 
cise group.  However,  as  the  onset  of  the  symptoms  of  vitamin 
Bi  deficiency  became  more  pronounced,  these  animals  became 
progressively  less  active  as  paralytic  symptoms  developed. 
When  the  animals  reached  the  stage  of  depletion  where  physi- 
cal excitation  resulted  in  spastic  paralysis,  they  were  fed  the 
vitamin  supplement.  In  most  instances,  it  was  surprising  to 
observe  that  such  animals  continued  to  become  even  less  active 
for  several  days  after  the  supplementary  feeding  was  begun. 
Usually  (about  the  fourth  day  of  the  supplementary  feeding 
of  6  [ig.  of  vitamin  Bi  daily),  these  animals  began  to  regain 
some  of  their  incHnation  to  exercise  and  continued  to  do  so 
until  the  end  of  the  experiment.  However,  at  the  end  of  the 
experiment,  the  average  daily  activity  of  the  rejuvenated 
animals  was  considerably  less  than  the  daily  activity  of  similar 
animals  which  had  received  the  vitamin  from  the  beginning 
of  the  experiment.  A  possible  explanation  for  this  may  be 
found  in  the  relationship  of  vitamin  intake  to  the  weight  of 
the  experimental  animals.  This  observation  would  appear  to 
bear  some  significance  in  any  attempt  to  estimate  the  optimal 
requirement  of  the  rat  for  vitamin  Bj.  In  this  regard,  it 
appears  from  the  data  presented  in  figure  1,  that  an  intake  of 
6  Mg.  of  vitamin  Bi  is  insufficient  to  maintain  the  growing  rat 
(50-120  gm.)  in  a  state  of  nervous  stability  and  that  this 
inadequacy  becomes  even  more  pronounced  as  the  weight  of 
the  rat  increases.  Therefore,  if  such  is  the  case,  it  is  to  be 
expected  that  the  smaller  animals  receiving  6  [ig,  of  vitamin 
Bi  daily  will  be  found  to  be  more  stable  physically  than  larger 
animals  receiving  similar  amounts  of  the  vitamin.  A  further 
suggestion  that  the  quantity  of  vitamin  B^  used  in  these 
studies  (6  [ig.  daily)  was  not  adequate  to  maintain  the  growing 
rat  in  a  state  of  nervous  equilibrium  is  found  in  the  fact  that 
the  animals  used  in  these  studies  were  far  more  active  pliysi- 
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cally  than  were  the  animals  used  in  our  previous  studies  where 
a  basal  diet  containing  8%  of  dried  yeast  was  fed. 

An  inspection  of  the  data  presented  in  figures  2  and  3  re- 
veals that  exercise,  under  the  conditions  in  which  it  was 
employed  in  these  studies,  had  a  measurable  effect  on  the 
growth  rate  of  young  rats  irrespective  of  whether  or  not  the 
animals  were  receiving  the  vitamin  Bi  supplement.  Those  ani- 
mals of  the  voluntary  exercise  group,  which  were  most  active 


if  FECI  OF  EAERCISE  ON  CHANGE  IN   BODY-WT 


Fig.  2  The  effect  of  different  amounts  of  exercise  on  the  growth  rate  of  young 
rats  while  being  maintained  under  comparable  dietary  conditions  except  as  to 
their  vitamin  Bj  intake. 

in  rotating  their  cage  wheels  made  smaller  increases  in  body 
weight  than  did  the  less  active  animals.  This  observation  was 
most  striking  during  the  depletion  period,  where  the  animals  of 
the  voluntary  exercise  group  showed  a  smaller  initial  increase 
in  body  weight  (8  gm.)  and  in  turn  lost  a  greater  percentage  of 
this  weight  (32%)  before  developing  the  paralytic  symptoms. 
In  fact  the  mean  weight  of  the  animals  of  this  group  at  the 
end  of  the  depletion  period  was  41  gm.,  or  11  gm.  less  than 
their  initial  weight  (when  placed  on  experiment).   The  maxi- 
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mum  gains  in  weight  for  the  three  groups  of  animals  (volun- 
tary exercise,  forced  exercise,  and  confined)  during  the 
depletion  period  were  8,  13,  and  14  gm.  respectively,  while  the 
subsequent  losses  in  weight  for  the  same  groups  of  animals 
were  20,  16,  and  15  gm.  respectively.  The  mean  increase  in 
body  weight  following  the  supplementary  feeding  of  vitamin 
Bi  was  found  to  be  quite  comparable  for  the  three  conditions 
of  exercise.  These  values,  when  given  in  the  above  order  of 
groups,  were  29,  33,  and  30  gm.  respectively.  In  this  connec- 
tion, it  should  be  borne  in  mind  that  the  activity  of  the  animals 


MEAN  WEIGHT  INCREASE    MEAN  FOOD  INTAKE     MEAN  NO. FEJCAL  PELLETS 

Fig.  3  The  relative  effects  of  exercise  on  the  mean  body  weight  increase,  the 
mean  food  intake  and  the  mean  number  of  fecal  pellets  voided  by  young  rats  while 
receiving  diets  identical  in  all  respects  except  in  their  vitamin  Bj  content. 

of  the  voluntary  exercise  group,  during  this  time,  was  con- 
siderably less  than  during  the  depletion  period,  and  probably 
more  comparable  to  the  activity  of  the  forced  exercise  animals. 
In  the  instance  of  the  animals  which  received  the  vitamin 
supplement  from  the  beginning  of  the  experiment,  those  of 
the  confined  group  grew  at  a  considerably  faster  rate  than  did 
the  animals  of  either  of  the  other  two  groups  (voluntary  and 
forced).  While  it  is  possible  that  the  nature  or  the  composition 
of  the  body  weight  increments  produced  under  the  different 
conditions  of  exercising  may  have  been  quite  different,  no  data 
are  at  hand  to  substantiate  this  view.  However,  later  studies 
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on  the  chemical  composition  of  body  tissues  may  shed  further 
light  on  this  problem. 

From  the  standpoint  of  food  consumption,  the  various  de- 
grees of  exercise  did  not  appear  to  be  an  important  considera- 
tion (fig.  3).  Although  under  both  conditions  of  vitamin 
supplementation,  the  animals  of  the  confined  groups  consumed 
the  greatest  amounts  of  food  during  the  experimental  period, 
the  relationship  of  food  intake  to  body  activity  is  not  clearly 
defined  in  all  instances.  It  is  evident  from  these  data  that  the 
matter  of  growth  is  a  complex  phenomenon  which  is  influenced 
by  a  number  of  factors,  among  which  are  food  intake  and 

exercise. 

A  similar  consideration  of  the  fecal  output  of  the  various 
groups  of  animals  (fig.  3)  reveals  that  there  was  no  great 
variation  in  the  number  of  fecal  pellets  voided  by  the  respec- 
tive groups  of  animals  during  the  entire  experimental  period. 
However,  it  seems  significant  that  in  both  instances  the  ani- 
mals of  the  voluntary  exercise  groups  voided  the  greatest 
number  of  fecal  pellets  while  the  animals  of  the  confined  group 
voided  the  smallest  number  of  fecal  pellets.  A  tabulation  of 
the  data  regarding  the  effect  of  exercise  on  the  weight  of  the 
fecal  matter,  the  percentage  of  fecal  matter  (relative  pro- 
portion of  food  excreted  as  fecal  matter)  and  the  relative  sizes 
of  the  fecal  particles  (fig.  4)  reveals  some  significant  differ- 
ences between  the  animals  of  the  three  experimental  groups 

in  these  respects. 

The  animals  of  the  confined  groups  produced  the  greatest 
weight  of  fecal  matter,  the  greatest  percentage  of  fecal  matter 
and  the  largest  fecal  pellets  (as  indicated  by  weight),  while 
the  animals  which  exercised  most  strenuously  (voluntary  ex- 
ercise group)  produced  the  least  fecal  matter,  the  smallest 
percentage  of  fecal  matter  and  the  smallest  fecal  pellets. 
While  some  of  these  differences  may  not  be  significant,  the 
data  clearly  indicate  a  beneficial  effect  of  exercise  on  fecal 
elimination.  Another  interesting  observation  relates  to  the 
fact  that  under  all  conditions  of  exercise,  those  animals  which 
received  vitamin  B^  utilized  their  food  more  efficiently  (lower 
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percentage  of  fecal  matter)    than  did  similar  animals  not 
receiving  the  vitamin  supplement. 

The  data  given  in  figure  5  demonstrate  the  effect  of  exercise 
on  the  average  time  required  for  the  animals  of  the  various 


DEPLETED     UN-DEPLETED  DEPLETED       'uN-6EPLETt!b  6E^Le:TtD~UN-DEPLETED 

WEIGHT  FECAL  MATTER      PERCENTAGE  FECAL  MATTER   WEIGHT  FECAL  PELLETS 

Fig.  4  The  effect  of  exercise  on  total  weight  of  fecal  matter,  percentage  of 
fecal  matter  and  mean  weight  of  fecal  pellets  voided  by  young  rats  while  receiving 
diets  identical  in  all  respects  except  as  to  the  amount  of  the  vitamin  Bj  supplement. 
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Fig.  5  The  effect  of  exercise  on  the  time  required  for  the  cessation  of  growth 
and  for  the  development  of  the  paralytic  symptoms  among  groups  of  young  rats 
receiving  a  diet  deficient  in  vitamin  B,.  The  figure  also  shows  the  relative  activity 
(as  indicated  by  the  rotation  of  the  cage  wheel)  of  two  comparable  groups  of 
young  rats,  of  which  the  animals  of  one  group  (group  D)  received  daily  6  /ng.  of 
vitamin  Bj  throughout  the  experimental  period,  while  the  animals  of  the  other 
group  (group  C)  received  no  added  vitamin  Bj  during  the  depletion  period  but 
received  daily  6  Mg.  of  this  vitamin  during  the  last  35  days  of  the  experimental 
period. 
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groups,  undergoing  depletion,  to  cease  growing.    It  will  be 
noted  that  the  animals  of  the  voluntary  exercise  group  ceased 
growing  after  about  13.5  days  on  the  deficient  diet,  while  the 
animals  of  the  forced  exercise  and  of  the  confined  groups 
required  16  and  17.6  days,  respectively.   Corresponding  data 
i-elative  to  the  average  time  required  for  the  development  of 
the  paralytic  symptoms  were  equally  significant.  The  animals 
of  the  voluntary  exercise  group  manifested  the  characteristic 
paralytic  symptoms  on  the  thirty-fourth  day  of  the  depletion 
period,  while  the  animals  of  the  forced  exercised  and  of  the 
confined  groups  required  36  and  44  days  respectively.   These 
findings  clearly  indicate  that  young  rats  undergoing  vigorous 
exercise  have  somewhat  greater  requirements  for  vitamin  Bi 
than  do  similar  animals  which  undergo  little  or  no  exercise. 
This  is  in  agreement  with  the  data  obtained  by  Cowgill  and 
co-w^orkers  ( '31)  in  their  studies  witli  dogs  but  is  not  in  agree- 
ment with  our  previous  findings  regarding  the  influence  of 
exercise  on  the  vitamin  A  requirement  of  the  growing  rat. 
However,  it  seems  highly  probable  that  the  latter  variation 
may  be  due  to  differences  in  the  physiological  function  of  the 
two  vitamins.    It  appears  reasonable  to  postulate  that  the 
symptoms  of  vitamin  A  deficiency  are  accentuated  by  the 
accumulation  of  toxic  substances  in  the  body  of  the  experi- 
mental animal  due  to  poor  elimination.  Therefore,  any  factor, 
such  as  exercise,  which  increases  elimination  may  bring  about 
a  delay  in  the  development  of  such  symptoms.   On  the  other 
hand,  vitamin  Bi  which  is  known  to  play  an  important  role  in 
the  complicated  phenomena  associated  with  cellular  oxidation 
and  muscle  contraction  may  be  required  in  increased  amounts 
during  periods  of  vigorous  exercise.  In  fact  the  data  obtained 
in  these  studies  indicate  that  the  vitamin  Bx  requirement  of 
the  rat  is  more  dependent  on  tlie  rate  of  metabolism  than 
it  is  on  the  caloric  intake. 

SUMMARY 

Experiments  conducted  with  carefully  selected  groups  of 
young  rats  as  experimental  subjects  have  yielded  data  which 
demonstrate  that  the  vitamin  Bi  requirement  of  these  animals, 
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as  indicated  by  the  time  required  for  the  cessation  of  growth 
and  for  the  development  of  the  paralytic  symptoms,  is  in- 
creased by  physical  exercise.  These  findings  are  not  in  agree- 
ment with  previous  findings  concerning  the  influence  of  exer- 
cise on  the  vitamin  A  requirement  of  the  growing  rat.  A 
possible  explanation  of  this  variation  may  be  found  in  the 
differences  in  the  physiological  function  or  functions  of  the 
two  vitamins. 

In  the  instance  of  the  animals  receiving  no  vitamin  Bi, 
increased  exercise  resulted  in  less  food  consumption,  less 
growth,  early  development  of  paralytic  symptoms  and  the 
elimination  of  a  greater  number  of  fecal  particles.  With  the 
animals  receiving  6  pg.  of  vitamin  Bi  daily,  increased  exercise 
resulted  in  less  growth  and  in  the  elimination  of  a  greater 
number  of  fecal  pellets.  During  the  first  4  weeks  of  the  test 
period,  those  animals  which  were  permitted  to  exercise  volun- 
tarily were  more  active  physically  while  not  receiving  vitamin 
Bi  than  were  comparable  animals,  similarly  caged,  but  re- 
ceiving vitamin  B,.  However,  during  the  latter  stages  of 
vitamin  Bi  depletion,  physical  activity  among  these  animals 
declined  to  a  minimum  of  about  one-third  of  its  previous  value. 
This  decline  in  physical  activity  continued  for  approximately 
6  days  after  the  administration  of  daily  dosages  of  6  ng.  of 
vitamin  Bj.  There  was  a  steady  resumption  of  activity  by 
these  animals  during  the  last  4  weeks  of  the  experimental 
period,  as  the  i-esult  of  tlie  administration  of  the  vitamin. 
Definite  nervous  instability  resulting  from  vitamin  Bi  defi- 
ciency was  indicated,  during  the  early  part  of  the  depletion 
period,  by  the  increased  tendencv  of  the  animals  to  exercise. 
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Many  of  the  chemical  and  physical  properties  that  affect  the  physio- 
logical activity  of  insulin  have  been  summarized  by  Jensen  (1).  The 
writers  are  not  aware,  however,  of  any  study  of  the  effect  of  hydrostatic 
pressure  on  the  physiological  activity.  Several  researches  have  shown  that 
high  pressure  is  an  effective  means  of  controlling  many  reactions  of  bio- 
logical and  bio-chemical  interest.  Bridgman  (2)  in  1914  reported  that 
egg  albumin  is  coagulated  by  high  pressure  and  with  Conant  (3)  in  1929 
found  that  carboxyhemoglobin  is  denatured  under  similar  conditions. 
More  recently,  Bassett  and  his  collaborators  (4)  have  reported  the  effects 
of  high  pressure  on  several  bacteria,  vaccines,  and  enzymes  but  the  data 
are  of  a  preliminary  nature  and  few  conclusions  can  be  made.  Investiga- 
tions in  the  high  pressure  laboratory  of  the  Department  of  Physics  of 
this  College  by  Dow  and  Matthews  (5)  and  by  Matthews,  Dow  and  Ander- 
son (6)  have  demonstrated  that  denaturation  of  proteins  by  high  pressure 
results  in  their  deactivation.  The  extent  of  denaturation  depends  on  the 
magnitude  of  the  pressure  and  the  time  of  exposure,  as  well  as  on  several 
chemical  factors,  for  example,  the  pH  of  the  solution. 

Since  it  is  generally  agreed  that  insulin  is  a  typical  protein,  it  would  be 
of  interest  to  study  its  denaturation  at  high  pressure  in  relation  to  its 
physiological  activity. 

Experimental  method.  Insulin  solutions  from  two  sources  were  used 
in  these  experiments.  Lilly's  U-20  Iletin  was  used  in  the  major  part  of 
the  investigations  and  some  study  was  made  with  amorphous  insulin 
(17  units  per  mgm.)  from  the  Banting  Institute. 

The  apparatus  for  hydrostatic  pressure  treatment  is  similar  to  that  used 
extensively  by  Bridgman  (7)  and  by  the  senior  author  in  investigating 
various  physical  and  chemical  behavior  at  high  pressure.  Initial  pressures 
produced  by  a  hand-pump  are  further  intensified  by  a  hydraulic  press  that 
generates  high  pressure  in  the  test  chamber.  Pressure  can  be  increased 
or  reduced  at  such  a  slow  rate  that  there  is  no  sensible  change  of  tempera- 
ture during  the  process.  A  thermostated  bath  can  be  placed  about  the 
test  chamber  to  keep  it  at  constant  temperature,  although  in  these  experi- 
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ments  it  was  not  considered  essential  and  the  treatments  were  applied  at 
room  temperature. 

The  sample  of  insulin  was  placed  in  one  of  two  types  of  containers. 
Flexible  tooth  paste  tubes  lined  with  paraffin  were  first  tried  as  containers. 
The  tubes  were  used  by  soldering  the  lower  ends,  filling  with  the  test  sample, 
and  then  sealing  by  means  of  the  threaded  cap.  Consequently  the  sample 
was  separated  mechanically  from  the  kerosene  that  transmitted  pressure 
in  the  test  chamber.  A  brass  tube,  lined  similarly  with  paraffin  and  closed 
at  one  end,  served  as  the  other  type  of  container.  As  the  samples  did  not 
completely  fill  the  tube,  paraffin  oil  was  poured  in  to  cover  the  insulin  with 
a  layer  of  about  one  inch  in  depth.  Other  experiments  had  shown  pre- 
viously that  good  separation  of  liquids  was  obtained  in  this  way  and  that 
similar  results  were  found  irrespective  of  the  nature  of  the  container.  This 
is  similar  to  the  experience  of  Basset  (4).  Both  containers  were  used 
indiscriminately  in  these  experiments  but  most  of  the  tests  were  made  with 

the  latter  type. 

The  physiological  activity  of  both  normal  and  pressure  treated  insulin 
was  measured  by  tjie  percentage  lowering  of  blood  sugar  in  rabbits  that 
were  given  standard  doses,  and  doses  of  the  pressure  treated  samples 
that  were  considered  the  equivalent  of  standard  doses.  A  standard  solu- 
tion was  considered  to  have  2.5  physiological  units  per  cubic  centimeter 
of  solution  and  was  made  up  with  U-20  Iletin  in  physiological  salt  solution. 
A  standard  dose  was  taken  as  1  cc.  of  solution  that  contained  2.5  units  per 
2  kgm.  of  body  weight.  The  pressure  treated  samples  were  made  up  in 
the  same  way  by  using  the  same  quantity  of  treated  insulin  in  physiological 
salt  solution.  For  the  pressure  treatment,  however,  the  Iletin  was  used 
as  it  was  received  from  the  maker  but  the  amorphous  insulin  was  made  up 
in  physiological  salt  solution  to  contain  140.1  units  per  cubic  centimeter. 
While  the  onset  of  convulsions,  as  well  as  the  intensity  and  length  of 
them,  were  observed  they  were  not  considered  sufficiently  reliable  measure 
of  the  insulin  activity  to  be  recorded  in  this  paper.  One  reason  for  this 
was  the  wide  variation  of  the  convulsive  level  in  the  rabbits. 

The  animals  were  not  ideal  for  the  purposes  of  the  experiments.  They 
were  of  mixed  breed  and  evidently  varied  considerably  in  physical  stamina. 
Several  of  their  ears  were  unsuitable  for  bleeding.  Two  females  and  ten 
males  were  used  in  the  experimental  procedure.  Of  the  former,  rabbit 
7  unexpectedly  gave  birth  prematurely  to  a  litter  during  one  of  the  tests. 
She  had  been  used  previously  several  times,  giving  consistent  behavior 
as  can  be  judged  by  the  data.  Culhane  (8)  has  reported  that  females 
having  a  litter  are  generally  unsuited  for  tests.  It  is  thus  surprising  to 
observe  such  consistent  results  with  a  pregnant  rabbit.  The  ears  of  the 
other  female  were  so  unsuited  for  bleeding  that  she  could  not  be  used  after 

a  preliminary  experiment.  . 

The  method  of  ^cross-test"  advocated  by  Culhane  (8)  was  used  m  the 
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experiments.  By  this  procedure  one  group  of  animals  is  given  the  standard 
preparation  and  another  group  the  test  sample.  This  method  was  followed 
twice  a  week  using  four  animals  for  each  test  but  each  animal  was  not 
used  more  than  once  a  week  in  most  cases.  Two  rabbits  were  usually  given 
the  standard  insulin  dose  and  two  others  the  pressure  treated  sample. 
The  tests  were  carried  out  over  a  period  of  five  weeks. 

The  diet  prescribed  for  the  rabbits  consisted  of  hay  and  oats.  The 
rabbits  were  without  food  24  hours  prior  to  the  experiments.  During 
this  period,  as  well  as  during  the  tests,  they  were  allowed  an  ample  amount 


TABLE  1 

Percentage  sugar  decrease  in  rabbits  inoculated  with  pressure  treated  and  untreated  iletin 


PER  CENT 
CHANGE 
UNTREATED       1 
ILETIN             1 

PER  CENT  CHANGE  WITH  PRESSURE  TREATED  ILETIN 

AVERAGE 
PER  CENT 
CHANGE  OF 
PRESSURE 
TREATED 
ILETIN 

PER  CENT 

ANIMAL 

1 

5,000 

kgm./ 

cm-'. 

2        i 
5,000 
kgm./ 
cm2. 

3 

10,000 

kgm./ 

cm*. 

4 

10,000 

kgm./ 

cm2. 

5         ! 

10,000 

kgm./ 

cm-*. 

DIFFERENCE 

TREATED- 

UNTREATED 

ILETIN 

1 

45 

30 

17 

46 

43 

32 

-13 

2 

No  results 

• 

3 

71 

71 

73 
Died 

72 

+  1 

4 

47 

31 

36 

34 

-13 

5 

55* 

65 

74 

51 

Died 

63 

+8 

6 

06 

51 

43 

39 

44 

-12 

7 

55* 

59 

45 

47 

50 

-5 

8 

67* 

38 
53** 

64 

57 

53 

-4 

9 

m 

64 

66 

40 

69 

59 

60 

0 

10 

M 

70 

77 
Died 

■ 

74 

16 

11 

ft 

46 

62 

54 

-9 

12 

No  results 

Aven 

lee 

-5 

*o^ 

*  Two  determinations  differing  by  1%. 
**  Amorphous  insulin  treated  for  3  hrs. 


of  water.  After  inoculation  samples  of  blood  were  drawn  from  the  ears 
at  1^,  3  and  5  hours,  respectively.  These  together  with  the  blood  sample 
that  was  always  taken  before  inoculation  were  sufficient  to  allow  the  change 
in  blood  sugar  to  be  follow^ed  with  some  accuracy.  The  micromethod  of 
Folin  and  Malmros  (9)  that  requires  only  0.1  cc.  of  blood  was  used  to 
determine  the  blood  sugar  content. 

Data  and  results.  The  experimental  results  summarized  in  table  1 
were  obtained  with  Iletin,  except  in  one  case  as  indicated.  The  maximum 
percentage  decrease  in  blood  sugar  level  is  recorded  for  normal  insulin  and 
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pressure  treated  samples  at  5,000  and  10,000  kgm/cm-.  Two  insulin 
samples  were  treated  at  5,000  kgm/cm^.  The  exposures,  tests  1  and  2, 
were  for  3  and  15  hours,  respectively.  Three  treatments  at  10,000  kgm/ 
cm2,  tests  3,  4  and  5,  w^ere  made  for  15,  23  and  41  hours,  respectively. 
To  determine  the  maximum  percentage  decrease  in  sugar  level,  the  four 
sugar  determinations,  measured  as  the  number  of  milligrams  per  100  cc. 
of  blood,  were  plotted  graphically  and  the  maximum  decrease  was  read 
from  the  resulting  curve  in  each  case.  This  method  was  adopted  since 
it  was  found  that  the  curves  were  always  similar  but  not  of  a  simple 
nature.  Since  they  showed  a  definite  relation  in  respect  to  time,  a  simple 
average  of  sugar  determinations  during  the  5  hour  period  would  have  little 

significance. 

While  it  can  be  shown  that  the  average  of  the  percentage  decreases  for 
the  treated  samples  is  about  5  per  cent  less  than  the  average  for  untreated 
insulin,  this  difference  does  not  prove  necessarily  that  the  physiological 
activity  of  insulin  is  reduced  by  pressure  treatment.  Considering  that  the 
animals  used  in  this  study  w^ere  not  the  best  for  the  purpose,  and  the  fact 
that  relatively  few  were  available  for  the  tests,  it  would  appear  reasonable 
to  assume  that  5  per  cent  represents  a  likely  error  in  these  experiments. 
On  this  basis  the  writers  are  inclined  to  state  that  pressure  treatment  had 
nc#  effect  on  the  physiological  activity  of  insulin. 

Although  the  pressure  treatments  did  not  change  the  appearance  of 
Iletin,  it  was  realized  that  with  stronger  concentrations  of  insuhn,  and 
particularly  with  insulin  that  contained  no  preservative,  pressure  might 
produce  coagulation  as  had  been  observed  previously  (6)  ni  the  case  of 
pepsin  To  verify  this  the  amorphous  insulin  in  physiological  salt  solution 
was  subjected  to  a  pressure  treatment  of  10,000  kgm/cm"^  for  3  hours. 
In  this  case,  however,  the  treatment  did  produce  coagulation  that  was 
clearly  visible.  The  precipitate  appeared  similar  to  the  appearance  of 
egg  albumin,  or  any  other  typical  protein,  such  as  pepsin,  w^ien  it  is  coagu- 
lated by  heat.  The  precipitate  was  carefully  mixed  with  additional  salt 
solution  to  a  dilution  corresponding  to  the  previous  doses  and  then  injec  ed 
into  a  starved  rabbit.  The  animal  was  no.  8  that  had  been  used  in  the 
previous  experiments.  The  maximum  percentage  decrease  in  sugar  was 
found  to  be  53  per  cent,  a  value  close  to  that  found  for  the  animal  pre- 
viouslv  (table  1)  The  physiological  activity  of  amorphous  msulin  was 
Zriy^ot  aff^^^       by  the  fLt  that  coagulation  resulted  from  the  pressure 

'' vSyke  amino  nitrogen  determinations  were  made  on  l>oth  the  cont^^^^^ 
solution  of  amorphous  insulin  and  the  pressure  f^'f.^^^^^^^ 
result  that  no  change  in  amino  nitrogen  was  detected.     Consequently 
there  is  no  evidence  of  hydrolysis  by  pressure  nhvsiolodca) 

Discussion.     It  is   well  known  that  insulin  loses  its  physiological 
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potency  when  denatured  by  heat.  In  this  respect  it  behaves  similarly 
to  many  other  proteins.  The  present  experiments  show,  however,  that 
while  insulin  may  be  denatured  by  pressure,  as  indicated  by  coagulation 
in  concentrated  solutions,  the  treatment  does  not  reduce  its  physiological 
activity.  Evidently  denaturation  caused  by  pressure  must  be  fundamen- 
tally different  from  that  brought  about  by  heat.  Since  when  applying 
pressure  to  a  sample  the  rate  of  compression  can  be  so  low  that  there  is 
no  appreciable  rise  of  temperature,  the  process  can  be  said  to  be  carried 
out  isothermally.  It  is  important  to  note  that  during  such  a  compression 
more  energy  flows  out  of  the  sample  in  the  form  of  heat  than  is  put  in  by 
the  work  of  compression.  This  is  easily  understood  when  it  is  recalled 
that  the  attractive  forces  in  the  liquid  must  do  work  during  the  compres- 
sion. It  has  been  shown  previously  (6)  that  by  compressing  water  isother- 
mally to  a  pressure  of  1,000  kgm/cm.^,  about  seven  times  more  energy 
flows  out  of  the  water  than  is  put  in  by  the  compression.  When  it  is 
remembered  that  in  denaturing  by  heat  energy  must  always  flow  into  the 
sample,  as  indicated  by  the  temperature  rise,  it  is  evident  that  in  pressure 
denaturation  the  physical  process  insofar  as  energy  is  concerned,  is  de- 
cidedly different.  This  appears  to  be  a  significant  factor  that  has  not  been 
studied  thoroughly.  It  suggests  many  possibilities  for  future  study 
since  it  may  involve  some  reaction  within  the  protein  molecule  thatf  is 
not  known  at  present. 

The  recent  theory  of  Wrinch  (10,  11,  12)  on  the  structure  of  proteins 
has  given  impetus  to  speculations  on  the  nature  of  the  changes  that  take 
place  in  denaturation  and  hydrolysis.  According  to  this  theory  denatura- 
tion takes  place  when  the  cyclol  bonds  are  broken,  but  the  polypeptide 
chains  remain  uneffected.  A  breaking  of  a  peptide  link,  however,  involves 
a  reaction  with  another  molecule  and  is  to  be  associated  with  hydrolysis. 
According  to  this  interpretation,  the  pressure  denaturation  observed  in 
these  experiments  broke  the  cyclol  bonds  in  the  insulin  molecules  with  the 
result  that  the  polypeptide  chains  became  the  predominating  type  of 
structure.  No  change  in  amino  nitrogen  would  be  expected  unless  hydroly- 
sis occurred.  Since  no  change  of  activity  has  been  observed  in  these 
experiments,  it  would  appear  that  the  physiological  properties  of  insulin 
are  bound  up  in  some  manner  with  the  polypeptide  linkage  in  the  molecule, 
denaturated  or  otherwise.  The  possibility  of  associating  the  specific 
physiological  properties  of  insulin  with  its  component  amino  acids  has 
been  discussed  by  Jensen  (13). 


SUMMARY 

The  physiological  activity  of  insulin  is  unaffected  by  long  exposure 
to  pressure  of  the  magnitude  of  10,000  kgm/cm^.  Activity  was  measured 
by  observing  the  percentage  decrease  of  blood  sugar  level  in  rabbits. 

Evidence  that  pressure  produced  denaturation  is  given  by  the  coagu- 
lation of  insulin.  Coagulation  does  not  affect  the  physiological  activity. 
The  absence  of  any  change  in  amino  nitrogen  content  of  the  insulin  has 
been  taken  to  mean  that  pressure  does  not  produce  hydrolysis  under 
these  conditions. 

It  is  suggested  that  the  results  of  these  experiments  indicate  that  the 
physiological  activity  of  insulin  is  associated  with  its  polypeptide  or 
amino  acid  linkages,  rather  than  with  any  particular  bonding  or  grouping 
of  the  chains  such  as  might  exist  in  the  undenaturated  state  of  the  molecule. 
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The  purpose  of  this  book  is  to  "offer  its  readers  a  thoroughly 
adequate  and  up-to-date  view  of  the  essentials  of  nutrition."  The 
book  is  written  for  the  reader  who  has  had  no  previous  training  in 
science.  Anyone  who  has  endeavored  to  interpret  biochemical 
research  for  lay  audiences  will  appreciate  the  admirable  manner 
in  which  the  authors  have  handled  this  difficult  task.  Chemical 
formulas  and  complex  chemical  definitions  and  explanations  are 
conspicuous  by  their  absence. 

The  book,  which  evidently  is  designed  for  the  freshman  college 
student,  contains  21  chapters  covering  most  of  the  usual  topics 
of  interest  to  students  of  nutrition.  These  are  treated,  however, 
from  the  viewpoint  of  practical  application.  A  few  representa- 
tive chapters  are  as  follows:  I.  The  Nutritional  Improvement 
of  Life;  V.  How  to  Meet  the  Energy  Need  and  Have  the  Body 
Weight  You  Want;  VI.  How  to  Meet  the  Need  for  Protein; 
XI.  Food  Costs  and  Food  Values;  XXI.  How  to  Make  Nu- 
tritional Knowledge  More  Effective,  etc.  Each  chapter  is 
followed  by  thought-provoking  "exercises"  and  "suggested  read- 
ings." In  the  opinion  of  the  reviewer,  most  of  the  latter  cannot 
be  read  to  advantage  by  the  type  of  reader  for  which  the  book  is 
intended.  Other  chapters  deal  with  the  essential  facts  of  diges- 
tion, food  composition,  function  of  food  ingredients,  mineral  ele- 
ments, vitamins,  etc.  Naturally,  discussions  of  metabolic 
changes  are  omitted. 

The  appendix  is  divided  into  five  parts  giving,  in  greater  detail, 
information  to  supplement  the  text.  An  adequate  .subject  index 
comprises  the  last  15  pages. 

The  reviewer  feels  that  the  discussion  of  statistical  methods 
could  be  omitted  without  detracting  from  the  use  of  the  book. 
The  style  is  simple  and  understandable  and  will  appeal  to  those 
who  have  had  no  formal  scientific  training;  the  book  should  be  in 
every  high-school  library.  It  is  the  hope  of  the  reviewer,  how- 
ever, that  college  teachers  will  not  be  tempted  to  use  this  excel- 
lent book  as  an  excuse  for  even  less  formal  chemical  training  of 
college  students  who  are  contemplating  a  college  course  in  nutri- 
tion. 

R.  Adams  Dutcher 

Pbnnsvlvania  State  College 
State  CoLLKGK,  Pknnsylva.via 
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THE  OPTIMUM  LEVEL  OF  PROTEIN  INTAKE  FOR 
THE  GROWTH  AND  FATTENING  OF  SWINE  ' 

R.  C.  MILLER  AND  T.  B.  KEITH 

Department  of  Agricultural  and  Biological  Chemistry  and  Department  of  Animal 
Husbandry,  Pennsylvania  State  College,  State  College 

(Received  for  publication  October  26,  1940) 

INTRODUCTION 

The  choice  of  the  level  of  protein  when  expressed  as  a 
percentage  of  the  ration  to  be  fed  to  pigs,  presents  a  major 
problem  in  the  nutrition  of  this  species.  Contributing  factors 
to  the  complexity  of  this  problem  are:  (a)  the  relatively  rapid 
growth  rate  of  swine,  which  exceeds  that  of  any  other  class 
of  livestock,  (b)  possible  decreasing  requirements  for  protein 
during  the  progress  of  growth,  and  (c)  economic  considera- 
tions, especially  those  concerning  the  relatively  high  price 
of  protein  supplements. 

Carroll  and  Mitchell  and  associates  (^32,  '34,  '35,  '36,  '37) 
have  investigated  by  means  of  growth  and  nitrogen  balance 
studies  the  question  of  the  changing  requirements  of  pigs  at 
different  stages  of  growth,  and  have  shown  that  for  pigs 
weighing  less  than  100  pounds  the  ration  should  contain  more 
than  17%  of  a  protein  mixture  obtained  from  corn,  tankage, 
soybean  oil  meal  or  linseed  oil  meal,  and  alfalfa  meal.  For 
pigs  weighing  150  pounds,  17%  of  protein  was  found  to  be 
adequate  and  15%  was  enough  for  pigs  weighing  175  to  200 
pounds.    For  pigs  weighing  40  to  100  pounds,  protein  levels 

^  Presented  in  part  before  the  Division  of  Agricultural  and  Food  Chemistry  at 
the  Boston  Meeting  of  the  American  Chemical  Society,  September,  1939 

Authorized  for  publication  on  October  23,  1940,  as  paper  no.  996  in  the  Journal 
Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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up  to  and  exceeding  22%  were  indicated,  by  nitrogen  balance 
studies,  as  being  necessary  for  maximum  growth. 

Recently  Carroll  and  Burroughs  ('39)  in  a  preliminary 
report  of  dry-lot  group-feeding  trials  have  shown  that  young- 
pigs  must  receive  a  higher  percentage  of  protein  than  is 
sufficient  for  heavier  pigs,  and  their  data  suggest  that  the 
ration  of  50-pound  pigs  should  contain  at  least  18  to  20% 
of  protein  or  perhaps  more.  Between  the  weights  of  75  and 
100  pounds  their  data  do  not  indicate  any  advantage  in  gains 
for  more  than  15%  of  protein  in  the  ration,  and  12%  of  protein 
is  indicated  for  pigs  weighing  from  150  to  200  pounds. 

Woodman,  Evans,  Callow  and  Wishart  ('36)  have  con- 
cluded from  the  results  of  individual  feeding  trials  and  group 
feeding  tests  that  a  feeding  treatment  providing  12%  of  fish 
meal  (17.48%  crude  protein)  from  weaning  to  90  pounds  live 
weight,  10%  of  fish  meal  (15.93%  crude  protein)  from  90  to 
150  pounds,  and  5%  of  a  mixture  of  equal  parts  of  meat  meal 
and  ex.  soya-bean  meal  (12.25%  crude  protein)  in  the  final 
period  will  supply  all  of  the  digestible  protein  for  the  maxi- 
mum rate  of  growth  permitted  by  the  net  energy  content  of 
the  ration.  Higher  amounts  of  protein  in  the  ration  were  of 
no  benefit  and  actually  depressed  the  rate  of  live  weight 
increase  in  some  cases. 

From  these  reports  it  would  appear  that,  while  the  minimum 
protein  levels  which  will  produce  good  growth  in  pigs  are 
fairly  well  recognized,  the  relative  value  of  higher  levels  of 
protein  intake  is  not  well  established.  Experiments  dealing 
with  the  general  problem  of  how  much  protein  it  is  nutri- 
tionally advisable  to  feed  to  growing  pigs  have  been  con- 
ducted by  the  authors  since  1936  and  this  report  presents 
some  of  the  results  of  this  research. 


EXPERIMENTAL 


Four  experiments  were  conducted.  The  number  of  pigs 
used  in  each  experiment,  the  protein  levels  compared,  and 
the  approximate  intervals  of  body  gain  studied  are  given  in 
table  2. 
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The  composition  of  the  rations  is  given  in  table  1.  Number  2 
yellow  corn  was  used  throughout  the  experiments.  The  tank- 
age was  a  36%  protein,  steam  rendered  by-product  of  a  local 
abattoir  and  was  relatively  high  in  bone  content.  The  soybean 
oil  meal  used  in  these  experiments  was  processed  by  the 
expeller  method  from  beans  of  the  Illini,  Manchu,  Dunfield, 
Richland  and  Mandell  varieties.  The  alfalfa  meal  was  pro- 
duced from  local  sun-dried  hay  by  passing  it  through  a  hammer 


TABLE  1 
Composition  of  rations 


INGREDIENT 


Yellow   corn 

Tankage 

Soybean   oil   meal 

Alfalfa   meal 

Salt 

Ground    limestone 


EXPEKIMENT  1 

I»ER  CENT  PROTEIN 

10 

15 

% 

% 

93 

76 

I 

U 

1 

4 

4 

4 

0.5 

0.5 

0.5 

0.5 

15_ 

% 
76.5 

15 
4 
4 
0.5 


EXPERIMENT  2 

PER  CENT  PROTEIN 
20      I 


% 

57.5 

20 

18 

4 

0.5 


% 

42.5 

18 

35 

4 

0.5 


INGREDIENT 


Yellow   corn 
Tankage 

Soybean   oil   meal 
Alfalfa    meal 
Salt 


EXPERIMENT  3 
I»ER  CENT  PROTEIN 


12 


% 

87.5 
4 
4 
4 
0.5 


EXPERIMENT  4 


PER  CENT  PROTEIN 


17 

22 

17 

22 

69.5 

51.5 

% 

65.5 

i   45.5   1 

13 

22 

12 

99 

1^             1 

13 

22 

12 

22 

4 

4 

10 

!   10 

1 

0.5 

0.5 

0.5 

0.5   i 

27_ 

% 
36.5 

33 

20 

10 

0.5 


mill.  One-half  of  1%  of  salt  and  1%  of  ground  limestone  were 
included  in  the  rations  of  experiment  1.  The  limestone  was 
omitted  in  experiments  2,  3  and  4,  since  the  chemical  analysis 
indicated  that  the  additional  calcium  was  not  necessary  and 
did  not  influence  the  calcium-phosphorus  ratio  to  any  marked 
extent.   In  addition  direct  sunlight  was  available  in  all  of  the 

experiments. 

The  rations  w^ere  designed  to  provide  the  different  levels  of 
protein  intake  indicated  in  table  1.  No  determinations  were 
made  of  the  digestibility  of  the  protein  or  of  its  biological 
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value.  Rather  the  scope  of  these  experiments  was  limited  to 
a  study  of  the  relative  values  of  the  gross  levels  of  protein 
intake  for  pigs  of  different  ages,  it  being  felt  that  a  study  of 
the  influence  of  the  level  of  protein  intake  and  of  the  stage 
of  development  of  pigs,  on  the  digestibility  and  biological 
value  of  the  rations  constituted  a  separate  problem  for  later 
study.  However,  due  to  the  similarity  in  the  constitution  of 
the  various  rations  it  is  not  thought  that  their  digestibilities 
are  markedly  different. 

Pigs  of  the  Poland  China,  Chester  White,  Duroc  Jersey 
and  Berkshire  breeds  were  used.  They  were  housed  in  an 
experimental  feeding  house  provided  with  a  concrete  floor  and 
having  outside  concrete  runways.  They  were  fed  as  matched 
pairs  in  experiment  1  and  as  matched  triplets  in  the  other 
trials.  The  experimental  pairs  or  triplets  were  selected  to  be 
of  the  same  breed,  sex,  age  and  of  similar  weight,  and  members 
of  each  pair  or  triplet  were  fed  the  same  daily  quantity  of 
feed.  The  amount  of  feed  allotted  daily  to  each  member  of  a 
pair  or  triplet  was  determined  by  the  feed  consumption  of 
the  pig  in  each  pair  or  triplet  which  consumed  the  smallest 
quantity  of  feed;  hence,  the  feed  intake  was  probably  re- 
stricted to  some  extent  for  one  member  of  each  pair  and  two 
members  of  each  triplet.  The  pigs  were  fed  three  times  daily 
in  individual  stalls  especially  constructed  for  these  experi- 
ments. They  were  weighed  weekly,  and  the  initial  and  final 
weights  as  given  in  table  2  are  the  averages  of  weights  taken 
on  3  successive  days. 

RESULTS  AND  DISCUSSION 

Table  2  is  a  summary  of  the  results.  An  analysis  by  variance 
was  made  on  the  data  for  individuals  for  the  average  daily 
gains  and  for  the  feed  requirement  for  100  pounds  of  body 
gain.  There  are  also  given  the  differences  between  means 
which  are  required  to  show  significance  at  the  5%  point  of 
probability. 

In  experiment  1  the  gains  for  all  of  the  pigs  on  the  15% 
level  of  protein  exceeded  those  of  the  pigs  on  the  10%  level 
and  were  attained  Avith  less  feed  per  unit  of  gain. 


The  data  for  experiment  2  covering  the  growth  span  from 
84  to  200  pounds,  also  have  been  broken  down  to  cover  other  in- 
termediate weight  increments.  Gains  and  food  efficiency  were 
less  for  pigs  on  the  25%  protein  level  in  a  number  of  instances. 
The  comparison  for  the  weight  interval  127  to  200  pounds  was 
made  with  only  seven  pigs  at  each  level  of  protein  intake, 
there  being  only  seven  triplicates  which  attained  the  required 
initial  weight  of  127  pounds  in  comparable  time  intervals. 
Significant  differences  were  not  obtained  with  respect  to  gains 
or  feed  requirement  between  the  15  and  20%  protein  levels, 
both  of  which  are  indicated  as  better  than  the  25%  level. 

Lighter  pigs  weighing  40  pounds  were  used  in  experiment  3. 
The  12%  protein  level  proved  unsatisfactory  for  these  pigs. 
On  this  level  three  pigs  failed  to  gain  in  a  manner  satisfactory 
enough  to  be  included  in  the  comparison,  and  the  feed  require- 
ment for  the  remaining  nine  pigs  was  relatively  high  as  was 
the  variation  between  individuals.    Consistent  results  were 
obtained  favoring  the  17%  protein  level,  although  on  the  22% 
protein  level  similar  results  were  obtained  in  some  of  the 
comparisons.    The  failure  of  individual  pigs  to  attain  the 
required  weights  in  time  intervals  to  give  valid  comparisons 
necessitated  making  comparisons,  in  some  cases,  between  un- 
equal numbers  of  individuals  on  the  respective  protein  levels. 
The  number  of  individuals  used  on  any  one  level  is,  therefore, 
some  indication  of  the  merit  of  that  particular  protein  level. 
A  summary  of  the  results  shows  that  neither  an  increased 
rate  of  body  gain  nor  increased  feed  efficiency  results  from 
a  25%   protein  level  of  feeding  as  compared  with  either 
a  15  or  20%  level.  A 10%  protein  level  was  shown  to  be  inferior 
to  a  15%  level  as  judged  by  body  gains  and  by  feed  efficiency. 
Results  obtained  with  12  and  22%  protein  levels  showed  no 
significant  differences  favoring  either  level  with  respect  to 
growth.  Both  of  these  levels,  however,  seemed  to  be  less  satis- 
factory  than  the  17%  protein  level  judging  by  both  the  average 
daily  gains  of  the  pigs  and  the  efficiency  of  their  food  utiliza- 
tion. 
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TABLE  2 

Summary  of  average  weight s,  body  gains  and  feed  requirements  of  pigs  fed 

rations  of  different  protein  content 


NUMBER 
OF  PIGS 


AMOUNT 
OF  PRO- 
TEIN IN 
RATION 


AVERAGE 
AGE  AT 
BEGIN- 
NING 


LENGTH 
OF  EXPERI- 
MENTAL 
PERIOD 


INITIAL 

BODY 
WEIGHT 


MEAN  MEAN  FEED 

AVERAGE  AVERAGE  FOR  EACH 

DAILY                   DAILY  100  LBS. 

GAIN  RATION  GAIN 


%  dnffff 

Experiment    1  — 130   to  180  lbs. 


days 


lbs. 


lbs. 


lbs. 


lbs. 


10 

10               222 

39 

131 

1.08 

4.66 

447 

10 

15               393 

39 

129 

1.43 

4.65 

326 

standard  error 

.10 

17 

difference  required 

to  be 

significant 

.31 

58 

Experiment 

13 

2  —  84  to  127  1b.s. 

15               136 

35 

82 

1.34 

3.53 

269 

13 

20               121 

31 

85 

1.39 

3.42 

252 

13 

25               125 

33 

86 

1.28 

3.58 

284 

standard  error 

.05 

15 

difference  required 

to  be 

significant 

.16 

45 

13 

84   to   156  lbs. 

15               136 

53 

82 

1.39 

3.88 

281 

13 

20               121 

50 

85 

1.47 

3.83 

265 

13 

25               125 

54 

86 

1.31 

3.89 

300 

standard  error 

.05 

16 

difference  required  to  be 

significant 

.13 

48 

7 

127  to  200  lbs. 

15               166 

39 

128 

1.76 

4.71 

268 

7 

20               154 

46 

128 

1.73 

4.58 

265 

7 

25               162 

45 

127 

1.49 

4.60 

316 

standard  error 

.06 

19 

difference  required 

to  be 

significant 

.19 

59 

13 

84  to  200  lbs. 

15               136 

77 

82 

1.55 

4.28 

276 

13 

20               121 

77 

85 

1.55 

4.28 

276 

13 

25               125 

77 

86 

1.38 

4.29 

314 

standard  error 

.04 

12 

difference  required 

to  be 

significant 

.12 

33 

Experiment 
9 

3  —  40  to  74   lbs. 

12                 77 

76 

40 

.45 

1.56 

375 

12 

17                 70 

72 

38 

.50 

1.43 

301 

12 

22                 73 

70 

41 

.51 

1.31 

289 

standard  error 

.03 

29 

difference  required  to  be 

74  to  156  lbs. 

12               156               73 

significant 

.10 

85 

78 

1.14 

3.25 

285 

12 

17               144 

58 

75 

1.43 

3.28 

229 

11 

22               145 

69 

75 

1.18 

3.29 

274 

standard  error 

.04 

11 

difference  required  to  be 

significant 

.15 

33 
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TABLE  2 — continued 


NUMBER 
OF  PIGS 

AMOUNT           AVERAGE          LENGTH        ttctttai 
OF  PRO-                AGE  AT         OF  EXPERI-       ^^^^1^ 
TEIN  IN               BEGIN-             MENTAL       ^vrrHT 
RATION                  NING                PERIOD         WivIGHl 

MEAN 

AVERAGE 

DAILY 

GAIN 

MEAN 
AVERAGE 

DAILY 
RATION 

FEED 

FOR  BACH 

100  LBS. 

GAIN 

4 

%                  days 

156  to  213  lbs. 
12                   213 

days 

35 

lbs. 
155 

lbs. 
1.68 

lbs. 
4.64 

lbs. 
283 

11 

17               202 

33 

156 

1.83 

4.61 

257 

6 

22               214 

8S 

155 

1.52 

4.66 

309 

standard 

error 

.06 

13 

difference  required 

to  be  significant 

.17 

38 

5 

130  to  210  lbs. 

12               209 

53 

130 

1.59 

4.63 

282 

12 

17               187 

4» 

131 

1.84 

4.52 

245 

10 

22               193 

55 

128 

1.56 

4.47 

302 

standard 

error 

.07 

11 

difference  required  to  be  significant 

40  to  210  lbs. 

12                 77             166              40 

.20 

82 

9 

.88 

2.79 

332 

12 

17                70 

166 

88 

1.09 

2.76 

252 

11 

22                67 

166 

41 

.98 

2.75 

282 

standard 

error 

.04 

16 

difference  required 

to  be  significant 

54              88 
51             88 

49              84 

.13 

48 

Experime 

10 

10 
10 

nt  4  —  S3  to  70  lbs. 
17                 78 

22                78 

27                75 

.75 
.74 
.78 

1.85 
1.94 
1.98 

271 
270 
254 

standard 

error 

.12 

10 

difference  required 

to  be  sign 

ificant 

.37 

81 

From  the  results  obtained  with  pigs  of  lighter  weight,  80 
to  125  pounds,  40  to  74  pounds  and  33  to  70  pounds,  no  single 
level  of  protein  intake  could  be  designated  as  being  the  most 
satisfactory  for  body  gain  but  the  12%  level  was  definitely 
unsatisfactory  with  respect  to  feed  requirement.  Woodman 
and  associates  ('36)  found  that  "extra  protein"  was  of  no 
value  in  improving  the  rate  of  growth  in  the  period  from 
weaning  to  90  pounds,  a  period  in  which  the  value  of  such 
protein  might  be  expected  to  be  manifested.  It  is  possible 
that  other  factors,  some  of  which  may  be  unrecognized,  may 
influence  the  growth  of  pigs  at  this  stage  of  their  growth,  more 
than  it  is  influenced  by  the  protein  level,  providing  that  the 
protein  is  adequate  from  the  viewpoint  of  quality.  The  results 
of  these  experiments  do  not  indicate  any  deficiency  m  the 
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quality  of  the  protein  or  any  of  the  rations  with  the  possible 
exception  of  the  10%  protein  ration  used  in  experiment  1. 

The  results  obtained  with  the  lighter  pigs  are  not  surprising 
in  view  of  the  difficulties  often  encountered  with  pigs  of  this 
weight.  The  general  nutritional  requirements  of  such  pigs 
are  not  very  well  established  and  for  this  reason  many  workers 
select  pigs  for  growth  studies  when  they  weigh  70  to  80  pounds 
rather  than  at  weaning  time.  In  the  interim  between  weaning 
and  being  placed  on  experiment,  these  larger  pigs  will  have  had 
access  to  feeds  which  do  not  impose  on  them  the  restrictions  of 
an  experimental  diet  and  thus  may  be  able  to  build  up  reserves 
of  dietary  essentials  which  may  have  been  depleted  during  the 
suckling  period.  The  less  thrifty  individuals  are  eliminated 
during  this  period  and  the  surviving  pigs  which  attain  a 
weight  of  70  to  80  pounds  and  which  are  then  placed  on  the 
experimental  regime,  can  usually  be  depended  on  to  give  a 
more  satisfactory  growth  response.  The  findings  of  Chick  and 
associates  ('38  a,  b,  c)  and  Hughes  ('38,  '39)  with  respect 
to  the  requirements  of  pigs  for  members  of  the  vitamin  B 
complex  illustrate  the  paucity  of  knowledge  relative  to  the 
requirements  of  swine  for  specific  dietary  factors. 

Woodman  and  associates  ('36)  have  conducted  individual 
feeding  tests  in  a  manner  similar  to  that  of  these  experiments. 
In  addition  these  investigators  conducted  group  feeding  tests 
with  the  same  feeds.  From  their  data  they  have  concluded  that 
the  group  feeding  technique,  while  it  lends  confirmation  to  the 
individual  tests,  may  be  of  very  limited  value,  due  to  its  lack 
of  sensitiveness,  especially  when  the  expected  differences  to 
be  investigated  are  small. 

It  may  be  argued  that  differences  too  small  to  be  detected 
by  the  group  feeding  method  may  be  too  small  to  have  any 
practical  significance;  nevertheless,  the  individual  feeding 
method  has  certain  outstanding  advantages.  The  quantity  of 
feed  consumed  by  each  pig  is  known  as  is  its  effect  on  the 
individual,  and  at  least  an  attempt  can  be  made  to  correlate 
differences  in  individual  performance  with  food  consumption. 
Such  differences  may  be  brought  out  by  the  group  feeding 
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method,  but  they  may  be  so  obscured  by  the  variability  of  the 
individual  response  among  the  various  group  members,  that 
definite  assignment  of  them  to  feed  is  impossible.  Thus  the 
group  feeding  method  is  to  be  regarded  as  a  link  between 
practical  feeding  and  scientific  experimentation  and  as  a 
means  of  verification  under  practical  conditions  of  the  indi- 
vidual feeding  trial. 

The  present  experiments  yield  some  interesting  data  on 
the  quantities  of  feed  required  per  100  pounds  of  body  increase. 
In  these  experiments  the  average  figure  for  this  value  is  of  the 
order  of  285  pounds,  the  range  being  from  447  pounds  on  the 
10%  protein  level  (experiment  1)  to  229  pounds  on  the  17% 
protein  level  (experiment  3)  at  body  weights  from  70  to  156 
pounds.  These  figures  give  some  idea  of  the  efficiency  with 
which  feed  is  converted  into  body  tissue  and,  on  the  whole,  are 
much  lower  than  those  usually  encountered  in  either  group 
feeding  work  or  under  practical  feeding  conditions.  While 
no  definite  average  figure  is  available  for  actual  practical 
conditions  with  efficient  feeding,  approximately  400  pounds  of 
concentrates  are  usually  required  to  produce  100  pounds  of 
body  gain.  Less  than  this  quantity  of  feed  may  be  required 
in  many  cases  but  feed  requirements  below  300  pounds  are 
unusual  in  general  feeding  practice. 

The  system  of  feeding  used  in  these  experiments  has  con- 
sistently given  results  for  feed  efficiency  of  the  order  herein 
reported  and  at  the  same  time  the  rate  of  growth  has  been 
maintained  satisfactorily.  It  is  recognized  that  in  the  effort 
to  maintain  an  equalized  feed  intake  between  three  pigs,  the 
feed  intake  of  two  members  of  the  triplet  was  limited  by  that 
of  the  third  pig,  and  that  in  a  sense,  limited  feeding  was  bemg 
practiced  on  these  two  pigs.  Under  such  conditions  it  is  ap- 
parent that  the  efficiency  of  food  conversion  might  have  been 
almost  at  a  maximum,  there  being  no  waste  and  no  feed  con- 
sumed  merely  in  satisfaction  of  appetite. 

Woodman  and  associates  ('36)  observed  greater  thriftmess 
among  pigs  fed  individually  as  compared  to  those  fed  m  groups 
the  former  making  the  greater  gains  in  the  least  number  of 
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days.  These  authors  suggest  that  there  is  a  considerable 
saving  of  energy  when  pigs  are  individually  fed  as  compared 
to  group-fed  pigs  which  by  nature  use  up  considerable  energy 
in  consequence  of  ^^  scrambling"  at  feeding  time  at  the  common 
trough.  The  logic  of  their  deductions  is  recognized  and  this 
point  together  with  the  possibility  of  a  limited  feed  intake 
may  explain  the  high  efficiency  of  food  conversion  obtained  in 
these  experiments. 

It  should  be  further  pointed  out,  however,  that  the  average 
daily  gains  in  experiment  2  exceeded  those  of  experiment  3 
in  practically  all  instances,  a  result  which  may  be  due  to 
starting  the  pigs  on  experiment  3  at  a  lighter  weight  (40 
pounds)  rather  than  at  80  pounds  as  in  experiment  2.  The 
resulting  initial  growth  of  the  pigs  on  experiment  2  was  slow 
due  possibly  either  to  an  unrecognized  deficiency  of  the  ration 
or  to  limited  initial  reserves  of  some  of  the  pigs. 

SUMMARY 

The  optimum  quantity  of  protein  in  the  ration  for  pigs  for 
the  growth  span  from  40  to  210  pounds  was  found  to  be  from 
15  to  17%.  Levels  of  protein  of  20,  22,  25  and  27  7o  were  not 
outstanding  in  their  superiority  to  the  15  and  17%  levels,  but 
the  trend  of  the  results  favored  the  higher  levels  of  protein 
intake  for  pigs  from  weaning  up  to  a  weight  of  approximately 
75  pounds.  The  lower  levels  of  protein  intake  were  superior 
to  the  higher  levels  for  pigs  between  the  weights  of  120  and 
200  pounds.  Rations  containing  10  and  12%  of  protein  were 
unsatisfactory. 
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Digest 

Results  of  this  study  indicate  that  between  weaning 
and  130  pounds,  pigs  that  are  grazing  on  alfalfa  or  clover 
pastures  should  be  fed  a  concentrate  mixture  containing 
at  least  15  per  cent  protein. 

A  concentrate  mixture  containing  18  per  cent  pro- 
tein is  recommended  for  pigs  from  weaning  to  130  pounds 
while  grazing  on  rape  pastures. 

Concentrate  mixtures  containing  12  per  cent  protein 
may  be  fed  to  pigs  from  weaning  to  70  pounds  on  alfalfa 
and  clover  pasture  but  will  not  provide  optimum  growth 
and  economy  of  gain.  However,  after  a  pig  has  reached 
70  pounds  in  liveweight,  a  12  per  cent  protein  concen- 
trate mixture  is  sufficient  on  these  forages. 

Nine  per  cent  protein  in  the  concentrate  mixture  is 
insufficient  and  mixtures  containing  more  protein  should 
be  fed  to  growing  pigs  on  forage. 

A  concentrate  mixture  with  a  protein  content  between 
15  and  18  per  cent  should  be  fed  to  pigs  from  weaning  to 
70  pounds  while  grazing  on  forages,  as  compared  to  a 
mixture  containing  between  17  and  22  per  cent  for  pigs 
of  these  weights  in  the  dry  lot.  See  Pa.  Agr.  Expt.  Sta. 
Bulletin  401. 


Levels  of  Supplementary  Protein  ^ 

for  Pigs  on  Pasture 

T.  B.  Keith,  R.  C.  Miller  and  M.  A.  McCARTvt 

THE  quantity  of  protein  required  in  a  concentrate  mixture  for 
pigs  while  on  pasture  depends  upon  (1)  the  plant  used  as  a 
forage  and  (2)  the  age  of  the  pig. 
A  study  was  made  during  a  period  of  three  years,  to  determine 
the  optimum  quantity  of  protein  required  in  a  concentrate  mixture 
for  normal  body  gain  of  growing  pigs  while  pasturing  on  alfalfa, 
on  Dwarf  Essex  rape,  and  on  red  clover.  The  concentrate  mixture 
was  composed  of  yellow  corn,  soybean  oilmeal,  and  low  protein 
tankage. 

An  outUne  of  the  study  includes:  (1)  Feeding  trials  in  which  a 
12  per  cent  protein  concentrate  mixture  was  compared  with  a 
15  per  cent  protein  concentrate  mixture,  and  a  15  per  cent  protein 
mixture  was  compared  with  an  18  per  cent  protein  mixture,  the 
pigs  on  all  of  these  rations  being  pastured  on  alfalfa.  The  experi- 
mental subjects  were  fed  as  matched  pairs  in  individual  stalls 
each  member  of  each  pair  receiving  daily  the  same  quantity  of 
concentrate.  (2)  Further  comparisons  of  9,  12,  15,  and  18  per  cent 
protein  mixtures  when  fed  to  pigs  pasturing  on  Dwarf  Essex  rape 
Each  of  these  pigs  was  fed  its  concentrate  mixture  m  an  individual 
stall  and  they  were  fed  as  quadrupUcates,  each  member  of  each 
quadruplicate  receiving  daily  the  same  quantity  of  the  concentrate. 
(3)  Similar  comparisons  of  the  9,  12,  15,  and  18  per  cent  protem 
concentrate  mixtures  when  fed  to  pigs  pasturing  on  red  clover. 
These  pigs  were  fed  by  the  same  method  used  in  the  rape  forage 

study. 

The  data  of  each  experiment  were  summarized  to  study  the  gams 
and  feed  requirements  for  the  weight  intervals  between  initia 
and  about  70  pounds,  between  approximately  70  pounds  and  final 
weights,  and  between  the  initial  and  final  weights. 

Table  1.— Average  chemical  composition  of  forages.      


Crop 


Alfalfa 

Dwarf  Essex  Rape 

Red  Clover 


Dry 
Matter 

per  cent 

34.63 
14.71 
48.76 


Crude 
Protein 


Fat 


Crude 
Fiber 


Ash 


per  cent 

6.97 
3.58 
8.44 


per  cent 

1.44 

.64 

1.96 


per  cent 

8.42 

1.33 

12.54 


per  cent 

3.14 
1.36 
3.30 
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Samples  of  the  forages  were  taken  at  random  from  the  pasture 
plots  periodically  during  the  progress  of  each  experiment  and 
analyzed  for  dry  matter,  crude  protein,  ether  extract  (fat)  crude 
fiber  calcium,  phosphorus  and  total  ash,  the  averages  of  these 
analyses  being  given  in  table  1.  Similar  analyses  of  the  components 
of  the  concentrate  mixtures  are  to  be  found  in  table  2. 

.—Average  chemical  composition  of  components  of  concentrate 


Table  2 
mixtures. 


Feed 


Dry       Crude 
Matter  Protein 


Fat 


Nitrogen 
Crude       Free 
Fiber    Extract 


Ash 


Cal- 
cium 


Phos- 
phor- 
us 


Yellow    Corn 
Tankage 
Soybean  Oilmeal 


per 
cent 

88.6 
91.8 
92.1 


per 
cent 

8.9 
33.6 
40.6 


per 
cent 

3.1 

10.0 

5.4 


per 
cent 

1.4 
5.7 


per 
cent 

74.0 

7.0 

35.0 


per 
cent 

1.2 

41.2 

5.4 


per 
cent 

.05 

14.86 

.30 


per 
cent 

.34 

7.05 

•     .71 


ALFALFA 

This  experiment  was  conducted  between  the  dates  of  July  23 
and  October  15   1937,  a  period  of  84  days.  Forty  purebred  pigs  of 
SeSc  Jersey,  Poland  China,  and  Chester  White  breeds  were 
selected  for  20  matched  pairs.  Ten  pairs  of  these  pigs  were  used 
to  study  the  comparative  values  of  a  12  and  a  15  per  cent  p^ot^^^ 
concentrate  mixture.  One  member  of  each  pair  was  fed  the  12  and 
1  member  the  15  per  cent  protein  concentrate  mixture.  The  other 
ten  pairs  were  used  to  determine  the  comparative  values  of  a 
15  and  an  18  per  cent  protein  concentrate  mixture.  One  member 
of  each  pair  was  fed  the  15  and  1  member  the  18  per  cent  pro^^^^^^ 
concentrate  mixture.  They  were  fed  twice  daily  in  individual  stalls 
the  quantity  alloted  to  each  member  of  each  pair  being  based  on 
the  concentrate  mixture  consumption  of  that  pair  member  that 

ate  the  least. 

The  constituents  of  the  concentrate  mixtures  were  corn,  soybean 
oilmeal,  34  per  cent  protein  tankage,  and  salt,  table  3. 
Table  3.-Composition  of  concentrate  mixtures  fed  pigs  on  alfalfa  forage. 


Protein 
Content 


per  cent 

12 
15 
18 


Corn 

pounds 

87.5 
76.5 
68.5 


Tankage 


Soybean 
Oilmeal 


Salt 


pounds 

9 
15 

11 


pounds 

3 
8 

20 


pounds 

.5 
.5 
.5 


The  data  for  the  pigs  fed  alfalfa  forage  were  used  for  a  study  o^ 
the  most  efficient  concentrate  mixture,  with  respect  to  protein 
coXt  f or  the  growing  period  between  the  initial  weight  and  the 


weekly  weight  at  which  each  pig  surpassed  130  pounds,  table  4.  In 
the  comparison  of  the  12  and  the  15  per  cent  protein  concentrates, 
the  pigs  fed  the  15  per  cent  protein  mixture  gained  on  the  average 
.03  pound  more  per  day  and  required  7  pounds,  or  3  per  cent,  less 
concentrate  for  each  100  pounds  of  gain  than  the  pigs  fed  the 
12  per  cent  mixture.  These  differences  are  not  considered  to  be 
significant.  Of  the  total  of  10  pairs  of  pigs,  in  7  pairs  the  pig  re- 
Table   4. Average   age,   weight,   gain,   concentrate   consumption,   and 

economy  of  gain  of  the  oigs  fed  the  12,  15,  and  18  per  cent  protein  concen- 
trate mixtures  with  alfalfa  forage,  between  the  weights  of  54  and  130 
pounds.  


Protein 
Content  of    Numiber 
Concentrate        of 

Mixtures         Pigs 


Age 


Test      Initial      Final      Daily         Daily 
Period  Weight   Weight      Gain        Ration 


Concentrate 
Required  per 

100  lb. 

Gain 


per  cent 

12 
15 
15 
18 


10 

10 

10 

9 


days 

111 
111 
116 
108 


days 

56 
54 
57 
57 


pounds  pounds  pounds  pounds  pounds 

56  130  1.34     3.23       241 

57  130  1.37     3.20       234 

54  131  1.35     3.11       230 

55  130  1.34     3.13       234 


ceiving  the  15  per  cent  protein  concentrate  made  the  most  econom- 
ical gain,  and  in  3  pairs  the  pig  receiving  the  12  per  cent  protein 
concentrate  mixture  made  the  most  economical  g^^-^-JJ^^/^^^^^e 
gains  and  the  concentrate  mixture  required  for  each  100  pounds 
oi  gain  for  the  pigs  fed  the  15  and  the  18  per  cent  protem  mixtures 
between  the  weights  of  54  and  131  pounds  were  approximately  the 

same 

Results  obtained  with  pigs  weighing  70  Pounds  and  carried  to 
a  weight  of  130  pounds  are  given  in  table  5.  The  data  relating  to 
gaTn  fnd  to  feed' consumption  of  the  pigs  of  these  weights^  we  e 
obtained  by  using  the  values  for  each  individual  for  the  weekly 
weight  at  which  the  pig  first  attained  70  pounds  and  the  weekly 
weight  at  which  the  pig  first  surpassed  125  pounds. 

Table  5.-Average  age.  weight,  gain,  concentrate  consumpt^^ 
omy  of  gain  of  the  pigs  fed  the  12,  15,  and  18  P"  cent  oroiein  co 
Sures  with  alfalfa  forage,  between  the  weights  of  69  and  iJi  pou 

— — ^  Concentrate 

Required  per 


Protein 
Cqntent  of    Number 
Concentrate        of 

Mixtures         Pigs 


Age 


Test     Initial     Final     Daily 
Period  Weight    Weight      CxAIN 


Daily 
Ration 


per  cent 

12 
15 
15 
18 


10 

10 

10 

9 


days 

124 
124 
128 

119 


days  pounds  pounds  pounds  pounds 

Ao            71             130  1-36  ^.00 

n     i     li?  l«  ^'' 

«            '«S            lio  1.40  3.47 


100  LB. 

Gain 

pounds 

261 
248 
245 
248 


,^:^s/^.^:^^''^'XrS^^^^^s^^^'^^^' 
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Fig.  1.— Equipment  and  alfalfa  forage  in  pig  pasture. 

forage  between  the  weights  of  69  and  131  pounds  than  the  pigs  fed 
the  12  or  18  per  cent  protein  concentrate  mixtures,  table  5.  ine 
average  daily  gain  for  the  pigs  fed  the  15  per  cent  protein  con- 
centrate mixture  was  .07  pound  or  5  per  cent  more,  and  these  pigs 
required  13  pounds  or  5  per  cent  less  concentrate  mixture  for  each 
100  pounds  gain,  than  the  pigs  fed  the  12  per  cent  protein  concen- 
trate mixture.  However,  these  differences  are  not  considered 
significant. 

The  pigs  fed  the  15  and  the  pigs  fed  the  18  per  cent  protein  con- 
centrate mixture  made  similar  average  daily  gains  and  required 
approximately  the  same  quantity  of  feed  for  each  100  pounds  of 
gain,  table  5. 

A  study  was  made  of  the  most  efficient  content  of  protein  in 
the  concentrate  mixture  for  pigs  between  weights  of  130  and  180 
pounds,  table  6.  The  data  relating  to  gain  and  to  concentrate  con- 
sumption for  the  pigs  of  these  weights  were  obtained  by  using 
values  for  each  individual  for  the  weekly  weight  at  which  the  pig 
first  attained  125  pounds,  and  the  final  weight  of  each  pig.  In  the 
comparison  of  the  12  and  the  15  per  cent  protein  concentrate  mix- 
tures, the  pigs  fed  the  15  per  cent  mixture  made  the  most  econom- 

Table  6.— Average  age,  weight,  gain,  concentrate  consumption  and  econ- 
omy of  gain  of  the  pigs  fed  the  12,  15,  and  18  per  cent  protein  concentrate 
mixtures  with  alfalfa  forage,  between  the  weights  of  130  and  180  pounds. 


Protein 
Content  of    Number 
Concentrate        of 
Mixtures         Pigs 


Age 


Test      Initial     Final     Daily 
Period  Weight    Weight      Gain 


Concentrate 
Required  per 

Daily  100  lb. 

Ration  Gain 


per  cent 

12 
15 
15 
18 


10 

10 

10 

9 


days 

167 
165 
176 

168 


days 

28 
30 
27 

27 


■pounds  pounds  pounds  pounds 

130             177  1.66             4.87 

130  180  1.67             4.79 

131  175  1.62             4.83 
130             177  1.72             4.75 


pounds 

294 
287 
298 
276 
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cal  gains.  The  pigs  fed  the  12  per  cent  mixture  required  7  pounds 
nore  concentrate  per  100  pounds  gain  than  the  pigs  fed  the  15  per 
,  ent  mixture.  Of  the  10  pairs  of  pigs,  in  5  pairs  the  pig  receiving 
ihe  15  per  cent  protein  mixture  made  the  most  economical  gain  and 
m  5  pairs  the  pig  receiving  the  12  per  cent  protein  mixture  made 
the  most  economical  gain. 

In  the  comparison  of  the  15  and  the  18  per  cent  protein  concen- 
trate mixtures,  the  pigs  fed  the  18  per  cent  mixture  made  .10  pound 
or  6  per  cent  greater  average  daily  gain  and  required  an  average 
of  22  pounds  or  8  per  cent,  less  concentrate  for  each  100  pounds  of 
gain.  Of  a  total  of  9  pairs  of  pigs,  in  5  pairs  the  pig  receiving  the 
18  per  cent  protein  concentrate  mixture  made  the  most  economical 
sain  and  in  4  pairs  the  pig  fed  the  15  per  cent  mixture  made  the 
cheaper  gain.  One  pig  fed  the  18  per  cent  protein  concentrate  mix- 
ture died  and  the  data  were  not  included  in  this  study. 

The  average  daily  gain  and  the  average  quantity  of  the  con- 
centrate mixture  required  for  each  100  pounds  of  gain  between 
the  weights  of  54  and  180  pounds  were  approximately  the  same 
for  the  pigs  fed  the  12  and  for  the  pigs  fed  the  15  per  cent  protein 
concentrate,  table  7.  Of  the  total  of  10  pairs  of  pigs,  in  5  pairs  the 

ToKi«  7      Avpraae  aae  weiaht,  gain,  concentrate  consumption,  and  econ- 

om'Jo^ga^^^^^^  IS.P-  -?*/-*n?o'o=^^^^^ 

tures  with  alfalfa  forage,  between  the  weights  of  54  and  180  pounds,  a  perioa 

of  84  days. 

.  Concentrate 

Required  per 


Protein 
Content  of 
Concentrate 

Mixtures 

per  cent 

12 

15 
15 
18 


Number 

OF 

Pigs 


Age 


10 
10 
10 
10 


days 

111 
111 
116 
108 


Initial 
Weight 

pounds 

56 
57 
54 
55 


Final 
Weight 

pounds 

177 
180 
175 
171 


Daily 
Gain 

pounds 

1.44 
1.47 
1.45 
1.39 


Daily 
Ration 


pounds 

3.76 
3.76 
3.68 
3.66 


100  LB. 
Gain 


pounds 

262 
257 
254 
263 


•   •   ^  +1.^  19  npr  cent  protein  concentrate  gained  more 
pig  receiving  the  12  per  cem  piuit^i  protein 

rapidly,  and  in  5  pairs  the  pig  receiving  the  15  per  cem  p 
concentrate  made  the  greater  gain.  pnncentrates 

I„  .he  comparison  of  the  15  '■';^,^^:,^'^To:S^^"^f:^^ 
the  pigs  fed  the  15  per  cent  ^'^If^I^'^^^^  on  the  average 

.06  pound  or  4  per  cent  more  ^^'J^l^^^^^^  pounds  of  gain 

9  pounds  or  3  per  cent  less  ^^^^^J^^'^^^^^^^^  Of  the  total 

than  the  pigs  fed  the  18  per  cent  P^^^^^^^.^^^^^         ^ent  protein 
of  10  pairs  of  pigs,  in  6  pairs  the  pig  ^^^f  ^^^^^^^^^^  receiving 

concentrate  gained  more  rapidly,  and  m  4  PJ^J^^^^^^^^        This 

the  18  per  cent  protein  -J-^^^^^^^  table  7. 

difference  is  not  considered  to  be  statisucauy     b 
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DWARF   ESSEX    RAPE 

This  experiment  was  conducted  between  June  14  and  Septem- 
ber 7,  1938,  a  period  of  85  days.  Forty  purebred  pigs  of  the  Chester 
White  and  Berkshire  breeds  were  selected  in  10  quadruplicates  of 
the  same  sex  and  breed  and  of  approximately  the  same  weight. 
Two  acres  of  Dwarf  Essex  rape  were  used  to  pasture  the  40  pigs. 

As  soon  as  the  rape  was  pastured  to  the  extent  of  there  being  an 
insufficient  quantity  for  maximum  consumption  by  all  of  the  ex- 
perimental pigs,  the  experiment  was  terminated. 

The  quantity  of  the  concentrate  mixture  alloted  to  each  in- 
dividual of  each  quadruplicate  was  the  same,  but  varied  among 
the  quadruplicates.  The  quantity  of  the  daily  mixture  alloted  to 
each  individual  of  each  quadruplicate  was  determined  by  the  food 
consumption  of  that  quadruplicate  member  which  consumed  the 
least  concentrate. 

The  constituents  of  the  concentrate  mixtures  were  the  same  as 
those  used  in  the  alfalfa  experiment,  table  8,  with  the  addition  of 
.5  part  of  ground  limestone  to  the  9  per  cent,  all  corn,  concentrate. 

Table  8. — Composition  of  concentrate  mixtures  fed  to  pigs  on  rape  forage. 


Protein  Content 
OF  Concentrate 
Mixtures 


Corn 


Soybean 
Tankage    Oilmeal 


Ground 
Salt    Limestone 


per  cent 

9 

12 
15 
18 


pounds 

99.0 
87.5 
76.5 
68.5 


pounds       pounds       pounds 


9 
15 
11 


3 

8 

20 


.5 
.5 
.5 
.5 


pounds 
.5 


The  data  for  the  pigs  fed  9,  12,  15,  and  18  per  cent  protein 
mixtures  while  pasturing  on  Dwarf  Essex  rape  were  calculated 
to  give  information  on  the  most  efficient  protein  concentrate  mix- 
ture for  pigs  between  the  weights  of  36  and  73  pounds,  table  9,  and 
between  the  weights  of  70  and  129  pounds,  table  10.  Between  the 
weights  of  36  and  70  pounds,  the  pigs  fed  the  18  per  cent  protein 

Table  9. — Average  age,  weight,  gain,  concentrate  consumption,  and 
economy  of  gain  of  pigs  fed  the  9,  12,  15,  and  18  per  cent  protein  concen- 
trate mixtures  with  rape  forage,  between  the  weights  of  36  and  73  pounds. 


Protein 
Content  of    Number 
Concentrate        of 

Mixtures         Pigs 


Test     Initial     Final     Daily 
Age       Period  Weight    Weight      Gain 


Concentrate 
Required  per 

Daily  100  lb. 

Ration  Gain 


per  cent 

9 

9 

12 

9 

15 

9 

18 

9 

days 

74 

73 
76 

77 


days  pounds  pounds  pounds  pounds  pounds 

52           36              72  .72             1.84                255 

52           37              73  .73              1.80                247 

44           36              68  .74             1.60                217 

42           37              72  .84             1.58                188 
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Fig.  2. — Pigs  on  Dwarf  Essex  rape  forage. 

concentrate  mixture  gained  on  the  average  14,  13,  and  12  per  cent 
more  per  day  and  required  36,  31,  and  15  per  cent  less  feed  than 
the  pigs  fed  the  9, 12,  and  15  per  cent  protein  mixtures,  respectively. 
The  pigs  fed  the  18  per  cent  protein  mixture  required  10  days  less 
time  to  reach  a  weight  of  72  pounds  than  the  pigs  fed  the  12  and  9 
per  cent  protein  mixtures. 

Between  the  weights  of  70  and  129  pounds,  the  pigs  fed  the  15  per 
cent  protein  concentrate  mixture  required  less  concentrate  for 
each  100  pounds  of  gain  than  any  of  the  other  groups,  table  10.  The 
pigs  fed  the  15  per  cent  protein  concentrate  mixture  made  100 
pounds  gain  on  27  pounds  less  feed  than  the  pigs  fed  the  12  per  cent 
mixture  and  51  pounds  less  feed  than  the  pigs  fed  the  9  per  cent 
mixture.  The  difference  in  the  quantity  of  feed  required  for  100 
pounds  of  gain  by  the  pigs  fed  the  15  per  cent  and  the  pigs  fed  the 
18  per  cent  protein  concentrate  mixture  was  not  large  enough  to 
be  significant.  The  pigs  fed  the  12  per  cent  protein  ^^"^^"trate  mix- 
ture required  24  pounds  less  for  100  pounds  of  gain  than  the  pigs 
fed  the  9  per  cent  mixture.  The  concentrate  mixture  of  corn  without 

Table  10.-Average  age.  weight,  gain    concen^^^^^^^ 
SSfJrf s'wifh  j'agi  !^^aS%'eiw;Jn-tge  Whts  of  70  and  129  pounds. 


Protein 
Content  of    Number 
Concentrate        of 

Mixtures         Pigs 


Age 


Test     Initial     Final     Daily 
Period  Weight   Weight      Gain 


Concentrate 
Required  plr 

Daily  100  lb. 

Ration  Gain 


per  cent 

9 
12 

15 
18 


6 
S 

8 
9 


days 

122 
124 
116 
119 


days  pounds  pounds  pounds  pounds 

38           73  114            1.08  3.09 

^%            73  116             1-25  3.28 

45           70  29            1.32  3.10 

ll           72  125            1.31  3.13 


pounds 

286 
262 
235 
239 
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a  protein  supplement  did  not  contain  sufficient  protein  for  growing 
pigs  on  rape  forage. 

The  pigs  fed  the  18  per  cent  protein  mixture  made  more  rapid 
and  more  economical  gains  than  the  pigs  fed  either  the  9,  12,  or  15 
per  cent  protein  concentrate  mixtures,  table  11.  These  pigs  made 

Table  11.— Average  age,  weight,  gain,  concentrate  consumption,  and 
economy  of  gains  of  pigs  fed  the  9,  12,  15,  and  18  per  cent  protein  concen- 
trate Stufes  with  ripe  forage  for  a  period  of  85  days,  and  between 
weights  of  35  and  120  pounds. 


Protein 
Content  of 
Concentrate 

Mixtures 

Number 

OF 

Pigs 

Age 

Initial 
Weight 

Final 
Weight 

Daily 
Gain 

Daily 
Ration 

Concentrate 
Required  per 

100  LB. 

Gain 

per  cent 

9 
12 
15 
18 

10 

9 

10 

10 

days 

74 
73 
76 

77 

pounds 

36 
37 
35 
35 

pounds 

99 
113 
116 
120 

pounds 

.74 

.92 

.94 

1.00 

pounds 

2.28 
2.33 
2.25 
2.25 

pounds 

308 
253 
239 
225 

26  .18,  and  .06  pound  more  average  daily  gain  than  the  pigs  fed 
the  9  12  and  15  per  cent  protein  mixtures,  respectively.  They  re- 
quired 83,  28,  and  14  pounds,  or  27,  11,  and  6  per  cent  less  concen- 
trate for  100  pounds  of  gain,  than  the  pigs  fed  the  9,  12,  and  15  per 
cent  protein  mixtures,  respectively. 

The  pigs  fed  the  15  per  cent  protein  mixture  made  .02  and  .20 
pound  more  average  daily  gain  than  the  pigs  fed  the  12  and  9  per 
cent  protein  mixtures,  respectively.  These  pigs  required  14  and  69 
pounds,  or  6  and  22  per  cent,  less  concentrate  to  make  100  pounds 
of  gain  than  the  pigs  fed  the  12  and  9  per  cent  mixtures,  respec- 
tively. One  pig  fed  the  12  per  cent  protein  concentrate  mixture 
died  during  the  first  week  of  the  experiment,  and  the  data  for 
this  pig  were  not  used. 

The  pigs  fed  the  9  per  cent  protein  mixture  made  the  slowest  and 
most  expensive  gains.  These  pigs  required  55  pounds  or  18  per  cent 
more  concentrate  for  each  100  pounds  of  gain  than  the  pigs  fed  the 
12  per  cent  protein  mixture.  The  pigs  fed  the  12  per  cent  protein 
mixture  made  .08  pound  greater  average  daily  gain  than  the  pigs 
fed  the  9  per  cent  mixture. 

Of  a  total  of  10  pairs  of  pigs  used  in  the  comparison  of  the  18  and 
the  15  per  cent  protein  mixtures,  in  5  pairs  the  pig  receiving  the 
18  per  cent  protein  mixture  gained  more  rapidly,  and  in  5  pairs 
the  pig  receiving  the  15  per  cent  protein  mixture  made  the  greater 

gain. 

In  the  comparison  of  the  15  and  the  12  per  cent  protein  concen- 
trate mixtures,  with  a  total  of  9  pairs  of  pigs,  in  8  pairs  the  pig 
receiving  the  15  per  cent  protein  mixture  gained  more  rapidly  and 
in  1  pair  the  pig  fed  the  12  per  cent  protein  mixture  made  the 


greater  gain.  In  the  comparison  of  the  9  and  12  per  cent  protein 
concentrate  mixtures,  with  a  total  of  9  pairs  of  pigs,  in  6  pairs  the 
pig  receiving  the  12  per  cent  protein  mixture  gained  more  rapidly 
and  in  3  pairs  the  pig  fed  the  9  per  cent  protein  mixture  made  the 
greater  gain. 

RED    CLOVER 

This  experiment  was  conducted  between  June  6  and  August  22, 
1940,  a  period  of  77  days.  Forty  purebred  pigs  of  the  Chester  White 
and  Duroc  Jersey  breeds  were  selected  to  comprise  10  quadrupli- 
cates of  the  same  sex  and  breed  and  of  approximately  the  same 
weight.  Two  acres  of  red  clover  divided  into  1-acre  lots,  each  for 
20  pigs,  were  used  as  pasture  continuously  until  depleted.  As  soon 
as  there  was  an  insufficient  quantity  of  pasture  for  maximum  con- 
sumption by  all  of  the  experimental  pigs,  the  experiment  was  ter- 
minated. 

The  method  of  feeding  was  the  same  as  that  used  in  the  experi- 
ment on  Dwarf  Essex  rape.  The  constituents  of  the  concentrate 
mixtures  were  corn,  34  per  cent  protein  tankage,  soybean  oilmeal, 
and  salt.  One-half  pound  of  bonemeal  was  included  in  the  mixture 
of  corn  without  supplement.  Tankage  and  soybean  oilmeal  were 
used  in  approximately  equal  parts,  in  each  of  the  12,  15,  and  18 
per  cent  protein  concentrate  mixtures,  table  12. 

Table  12.— Composition  of  concentrate  mixtures  fed  pigs  on  red  clover 
forage.  


Protein 

Content  of 

Concentrate 

Mixtures 


Corn 


Soybean 
Tankage    Oilmeal 


Salt     Bone  Meal 


per  cent 

9 
12 
15 
18 


pounds 

99.0 
87.5 
79.5 
68.5 


pounds       pounds      pounds 


6 

10 
15 


6 

10 
16 


.5 
.5 
.5 

.5 


pounds 
.5 


Results  obtained  with  pigs  weighing  40  Pounds  and  carried  o 
a  weight  of  73  pounds  are  given  in  table  13.  The  data  relating  to 
gaTn  and  to  concentrate  consumption  of  the  pigs  o  th-e  weig^^^^ 
were  obtained  by  using  values  for  each  individual  from  the  m^^^^^^^ 
weight  and  from  the  weekly  weight  at  which  the  pig  first  sur 

passed  70  pounds.  .   -,  ^r.    i  c  ^^r^ 

The  pigs  between  the  weights  of  37  and  73  pounds  ^^  the  ^5  per 
cent  protein  mixture  made  more  economical  gains  than  the  pigs 
fed  the  9  and  12  per  cent  concentrate  "^i^^ures  and  reqm  ed  18  and 
19  pounds,  or  7  and  8  per  cent,  -Pf -ely^less  c^^^ 
ture  for  each  100  pounds  of  gain.  The  pigs  tea  me  lo  p  ^ 
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Table  13— Average  age,  weight,  gain,  concentrate  consumption,  and 
economy  of  gain  of  pigs  fed  the  9, 12,  15,  and  18  per  cent  protein  concentrate 
mhctures  with  red  clover  forage,  between  the  weights  of  37  and  73  pounds. 


Protein 
Content  of    Num:ber 
Concentrate        of 

Mixtures         Pigs 


Age 


Test      Initial      Final       Daily 
Period  Weight    Weight      Gain 


Concentrate 
Required  per 

Daily  100  lb. 

Ration  Gain 


per  cent 

days 

9 

9 

112 

12 

7 

113 

15 

9 

115 

18 

9 

114 

days  pounds  pounds    pounds 

40     40      72 
39     42      73 

37  42      71 

38  44      73 


junds 

pounds 

pounds 

.82 

2.02 

248 

.86 

2.14 

249 

.83 

1.91 

230 

.81 

1.92 

237 

tein  mixture  made  .02  pound  less  gain  and  required  7  pounds  more 
concentrate  for  each  100  pounds  of  gain,  than  the  pigs  fed  the  15 
per  cent  protein  mixture.  This  difference  was  not  significant.  The 
differences  in  the  rate  of  gain,  and  the  quantity  of  concentrate 
ration  required  for  each  100  pounds  of  gain,  for  the  pigs  fed  the 
12  and  the  pigs  fed  the  9  per  cent  protein  rations,  were  too  small 
to  be  considered  significant. 

The  data  relating  to  gain  and  to  concentrate  consumption  of  the 
pigs  between  the  weights  of  70  and  137  pounds  were  obtained  by 
using  values  for  each  individual  for  the  weekly  weight  at  which 
the  pig  first  attained  70  pounds,  and  the  weekly  weight  at  the  end 
of  the  feeding  trial,  table  14. 

Table  14.— Average  age,  weight,  gain,  concentrate  consumption,  and 
economy  of  gain  of  pigs  fed  the  9, 12,  15,  and  18  P?' cent  protein  concentrate 
mixtures  with  red  clover  forage,  between  the  weights  of  70  and  137  pounds. 


Protein 
Content  of    Number 
Concentrate        of 

Mixtures         Pigs 


Age 


Test      Initial      Final     Daily 
Period  Weight    Weight      Gain 


Concentrate 
Required  per 

Daily  100  lb. 

Ration  Gain 


per  cent 

9 

8 

12 

8 

15 

10 

18 

10 

days 

132 
149 
134 
149 


days 

42 

43 
43 
43 


pounds  pounds  pounds  pounds  pounds 

71  122     1.24     4.26       344 

72  137  1.60  4.28  268 
70  129  1.38  4.19  304 
72      129     1.34     4.03       301 


The  12  per  cent  protein  concentrate  mixture  was  the  most  eco- 
nomical for  pigs  between  the  weights  of  70  and  137  pounds.  These 
pigs  made  average  daily  gains  .36,  .22,  and  .26  pounds  greater  or 
29,  16,  and  19  per  cent  more,  than  the  gains  of  the  pigs  fed  the 
9  15,  and  18  per  cent  protein  concentrate  mixtures,  respectively. 
The  pigs  fed  the  12  per  cent  protein  concentrate  mixture  made  100 
pounds  of  gain  on  76,  36,  and  33  pounds,  or  28,  12,  and  12  per  cent, 
less  concentrate  than  the  pigs  fed  the  9,  15,  and  18  per  cent  protem 
concentrate  mixtures,  respectively. 

The  15  per  cent  protein  concentrate  mixture  was  the  most  eco- 
nomical for  the  pigs  fed  red  clover  forage  between  the  weights  of 
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Table  15. — Average  age,  weight,  gain,  concentrate  consumption,  and 
economy  of  gain  of  pigs  fed  the  9,  12,  15,  and  18  per  cent  protein  concen- 
trate mixtures  with  clover  forage  for  a  period  of  77  days,  between  the 
weights  of  41  and  137  pounds. 


Protein 
Content  of 
Concentrate 

Mixtures 

Number 

OF 

Pigs 

Age 

Initial 
Weight 

Final 
Weight 

Daily 
Gain 

Daily 
Ration 

Concentrate 
Required  per 

100  LB. 

Gain 

per  cent 

9 
12 
15 
18 

9 

8 

10 

10 

days 

112 
113 
115 
114 

pounds 

41 
45 
43 
45 

pounds 

119 
137 
129 
129 

pounds 

1.01 
1.08 
1.11 
1.09 

pounds 

3.12 
3.28 
3.18 
3.19 

pounds 
309 
304 
286 
293 

41  and  137  pounds,  table  15.  These  pigs  made  an  average  daily  gain 
of  1.11  pounds  and  100  pounds  of  gain  with  286  pounds  of  concen- 
trate The  average  daily  gain  of  l.U  pounds  was  .10,  .03,  and  .02 
pound  greater  than  that  for  the  pigs  fed  the  9,  12,  and  18  per  cent 
protein  concentrate  mixtures,  respectively.  The  quantity  of  con- 
centrate required  for  each  100  pounds  of  gain  by  the  pigs  fed  the 
15  per  cent  protein  mixture  was  23,  18,  and  7  pounds  less  than  that 
of  the  pigs  fed  the  9,  12,  and  18  per  cent  protein  concentrate  mix- 
tures, respectively.  The  pigs  fed  the  9  per  cent  protein  mixture  on 
red  clover  forage  made  gains  that  were  not  considered  sub-normal, 
vet  thev  required  more  concentrate  for  each  100  pounds  of  gain 
than  the  pigs  fed  the  12,  15,  and  18  per  cent  protein  mixtures. 

SUMMARY 
One-hundred-and-twenty  pigs  were  used  in  a  series  of  feeding 
trials  to  study  rates  of  gain  and  quantities  of  concentrate  mixtures 
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Fig.  3.— Pigs  on  red  clover  forage. 
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required  for  each  100  pounds  of  gain  for  various  weight  intervals 
of  pigs  fed  concentrate  mixtures  containing  9,  12,  15,  and  18  per 
cent  protein  w^hile  grazing  on  alfalfa,  on  Dwarf  Essex  rape,  and  on 
red  clover  pastures. 

The  18  per  cent  protein  concentrate  mixture  (corn  68.5  parts, 
tankage  11  parts,  soybean  oilmeal  20  parts,  and  salt  .5  part)  pro- 
duced the  most  economical  gain  for  pigs  between  the  weights  of 

36  and  73  pounds  while  grazing  on  Dwarf  Essex  rape. 

The  15  per  cent  protein  concentrate  mixture  (corn  79.5  parts, 
tankage  10  parts,  soybean  oilmeal  10  parts,  and  salt  .5  part)  pro- 
duced the  most  economical  gain  for  pigs  between  the  weights  of 

37  and  73  pounds  while  grazing  on  red  clover  pasture. 

The  15  per  cent  protein  concentrate  mixture  produced  the  most 
economical  gains  for  pigs  between  the  weights  of  70  and  131  pounds 
while  grazing  on  alfalfa  or  on  Dwarf  Essex  rape. 

The  12  per  cent  protein  concentrate  mixture  (corn  87.5  parts, 
tankage  6  parts,  soybean  oilmeal  6  parts,  and  salt  .5  part)  produced 
the  most  economical  gains  for  pigs  between  the  weights  of  70  and 
137  pounds  while  grazing  on  red  clover. 

The  9  per  cent  protein  concentrate  mixture  (composed  of  corn 
99  parts,  salt  .5  part,  and  ground  Hmestone  .5  part  or  bonemeal  .5 
part)  produced  normal  gains  which,  however,  were  not  the  most 
economical  for  pigs  of  any  weight  studied  in  these  experiments, 
while  grazing  on  Dwarf  Essex  rape  or  red  clover. 
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Lol  I,  1938-39:  These  steers  had  corn  silage  in  their  fattening  ration. 
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Alfalfa-molasses  Silage 

As  a  Roughage  for  Fattening  Steers* 

p.  T.  ZlEGLER,  F.  L.  BeNTLEY  and  R.  C.  MlLLERf 

CLIMATIC  conditions  along  the  eastern  seaboard  during  the 
month  of  June  are  not  favorable  for  the  making  of  a  good 
grade  of  alfalfa  hay.  Three  or  four  consecutive  days  of  low 
humidity,  bright  sunshine  and  good  air  circulation  are  rare.  The 
weather  chart  for  the  central  Pennsylvania  district  shows  an  aver- 
age of  but  14  fair  days  in  the  month  of  June  over  the  10-year  period, 
1930  to  1940.  The  average  rainfall  for  June  from  1894  to  1940  was 
4i  inches  or  about  a  half-inch  greater  than  the  average  for  the 
months  of  July,  August,  or  September.  These  conditions  are  favor- 
able to  good  pastures  but  not  to  the  making  of  hay  at  the  proper 
time  or  in  the  proper  manner. 

Making  grass  into  silage  is  not  a  new  idea.  It  has  been  practiced 
in  a  limited  way  for  over  50  years.  However,  grass  silages  without 
preservatives  are  adapted  to  only  very  short  feeding  periods  be- 
cause they  develop  bad  odors  and  become  unpalatable  when  held 
until  spring. 

The  preservation  of  grass  and  legume  silages  by  the  addition  of 
either  an  acid  or  some  form  of  carbohydrate  has  been  a  develop- 
ment of  the  past  quarter  century. 

MAKING    ALFALFA-MOLASSES    SILAGE 

Fermentation  of  silage  is  caused  in  great  part  by  bacteria  which 
need  fermentable  carbohydrates  for  their  development.    This  fer- 
mentation process  produces  the  acid  which  preserves  the  silage, 
and  imparts  an  agreeable  acid  odor  and  taste.    Corn  is  rich  m  car- 
bohydrates and  thus  makes  an  excellent  silage.  Legumes  however 
are  high  in  protein  and  alkaline  material  and  low  in  carbohydrates 
"nd  d?  not  Furnish  the  proper  medium  for  the  ^-^^^^^^^^^^ 
f ormine  bacteria.    It  is  necessary,  therefore,  to  add  preservative  to 
t^e  cut  g^^^^^^^       the  form  of  a  mineral  acid  such  as  phosphoric  of 
Sgh  grfde  or  in  the  form  of  carbohydrates,  for  stimulating  acid 
?ef mentation.    Beet  or  blackstrap  molasses   or  ^^^^^^^ 
added  to  grass  as  it  is  blown  into  a  silo,  ^^PPj^  *^^^^^^^^  ZdX 
drates.    Because  it  is  cheap,  non-corrosive,  easy  to  apply,  and  pro 

♦Authorized  for  publication  April  2' ^9^^-  ^  ^^  j^^^^^i  Husbandry:  and  As- 
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duces  a  tasty  silage  with  a  good  odor,  molasses  has  come  to  be  the 
most  generally  used  preservative. 

The  alfalfa  used  in  these  experiments  v^as  third  cutting  in  the 
1937-38  trial  and  first  cutting  in  the  1938-39  and  1939-40  trials  It 
was  cut  in  early  bloom,  and  hauled  to  the  silo  without  much  wilting, 
with  the  exception  of  the  year  1938-39  when  it  was  left  to  wilt  for 
three  to  four  hours. 

In  the  1937-38  trial,  the  molasses  was  run  into  the  cutter  box  by 
the  gravity  system,  using  50  pounds  per  ton  of  green  alfalfa.  In 
1938-39  and  1939-40,  the  molasses  was  pumped  to  the  top  of  the 
blower  pipe,  using  50  pounds  of  molasses  per  ton  in  each  instance 
The  alfalfa  was  cut  into  half -inch  lengths  and  one  man  was  placed 
in  the  silo  after  it  was  half  full. 

The  silo  was  constructed  of  hollow  tile  and  reinforced  with  steel 
rods  every  3i  feet.  Sinnce  silage  exerts  almost  40  per  cent  more 
pressure  on  the  inside  of  a  silo  than  does  corn  silage,  it  is  important 
that  the  silo  be  well  constructed  and  in  good  repair. 

Dates  silo  was  filled.— For  the  1937-38  feeding  season  the  silo  was 
filled  on  September  7  and  8, 1937;  for  the  1938-39  feeding  season  the 
silo  was  filled  on  June  16  and  17,  1938;  and  for  the  1939-40  feeding 
season  the  silo  was  filled  on  June  13  and  14,  1939. 

OBJECT  OF  EXPERIMENT 

In  the  autumn  of  1937,  when  this  project  was  inaugurated,  very 
little  information  was  available  on  the  use  of  grass  silage  as  a  rough- 
age for  feed  lot  use.  Dairymen  were  using  grass  silage  m  increas- 
ing quantity  with  very  satisfactory  results.  Cattle  feeders  had 
begun  to  wonder  whether  grass  silage  might  have  a  place  in  their 
feeding  and  fattening  operations  and  were  asking  such  questions  as: 

Since  alalf  a  hay  is  an  important  roughage  in  Pennsylvania  cattle 
feeding  would  it  be  possible  to  use  alfalfa  in  the  form  of  silage  and 
take  advantage  of  added  nutritive  value  saved  by  eliminating  loss 
of  the  leaf  and  leaching  loss  by  rains?  Would  the  use  of  alalfa  mo- 
lasses silage  save  the  purchasing  of  protein  supplements?  If  legume 
and  grass  silages  are  rich  in  carotene,  would  feeding  them  to  fatten- 
ing steers  produce  yellow  fat  on  the  carcasses? 

To  find  the  answers,  this  plan  was  followed: 

PLAN   OF   EXPERIMENT 

Roughage.— Alfalfa  molasses  silage  was  made  as  already  explain- 
ed under  "Making  Alfalfa-Molasses  Silage."  Alfalfa  hay  was  made 
at  the  same  time  from  the  same  field  from  which  the  silage  was 
made.   Plenty  of  good  grade  corn  silage  was  available. 
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Grain. — All  three  lots  of  steers  received  the  same  amount  of  corn- 
and-cob  meal.  Lot  I  received  added  protein  in  the  form  of  pea  size 
41  per  cent  soybean  oilmeal,  expeller  process.  The  corn-and-cob 
meal  was  hammer  mill  ground,  using  a  three-quarter-inch  screen. 

Rations. — The  rations  fed  the  steers  were: 

Lot      I. — Corn-and-cob  meal;  Soybean  oil  meal, 
pea  size;  Corn  silage. 

Lot    II.— Corn-and-cob  meal;  Alfalfa-molasses 
silage. 

Lot  III.— Corn-and-cob  meal;  Alfalfa  hay. 

Cattle  and  feeding  practice.— Each  feeding  season,  1937-38,  1938- 
39,  and  1939-40  thirty-six  head  of  steers,  grading  as  good,  were  fed 
for  a  period  of  168  days.    They  were  divided  into  three  lots  of  12 
head  each,  averaging  625  pounds  per  steer  (average  for  the  three 
trials.)    They  were  fed  twice  daily,  6:30  a.  m.  and  4:30  p.  m.,  the  sil- 
age and  hay  following  the  grain.   Water  and  salt  were  available  in 
each  feed  lot  at  all  times.    Individual  weights  were  taken  every  28 
days.    Initial  and  final  weights  were  the  average  of  three  consecu- 
tive days  of  weighing.  Roughage  analyses  were  made  every  28  days. 
Minerals.— In  the  1937-38  experiment,  Lot  I  had  available  a  con- 
stant supply  of  the  following  mixture:  50  pounds  of  salt,  25  pounds 
of  ground  Umestone,  and  25  pounds  of  steamed  bone  meal.    Lots  li 
and  III  had  a  constant  supply  of  salt. 

In  1938-39,  salt  and  ground  limestone  were  available  to  Lot  I  free 
choice.    Salt  was  before  Lots  II  and  III  at  all  times. 

In  1939-40,  all  three  lots  were  furnished  salt  and  ground  limestone 
free  choice. 

Table  l.-Chemical  analyses  of  roughages  fed  steers  in  ^  3-year  compar- 
ative  feeding  test  of  corn  silage,  alfalfa-molasses  silage,  and  alfalfa  hay. 


Roughage 


Dry  Matter 


Crude 
Protein 


Calcium 


1937  corn  silage 

1938  corn  silage 

1939  corn  silage 

1937  alfalfa-molasses  silage 

1938  alfalfa-molasses  silage 

1939  alfalfa-molasses  silage 

1937  alfalfa  hay 

1938  alfalfa  hay 

1939  alfalfa  hay 


per  cent 

23.87 
26.85 
27.28 
23.45 
31.64 
28.89 
84.68 
83.69 
86.41 


per  cent 

1.88 

2.19 

2.10 

4.84 

5.83 

4.89 

15.19 

13.84 

15.23 


per  cent 

.07 

.08 

.13 

.29 

.55 

.43 

1.28 

1.13 

1.29 


♦Average  of  six  analyses  each  year. 
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The  third  cutting  alfalfa  used  in  1937-38  was  fine-stemmed  and 
leafv  and  contained  about  7  per  cent  more  moisture  than  the  first 
cutting  used  in  1938-39  and  1939-40.  Considerable  seepage  from  the 
silo  occurred  with  the  third  cutting.  Excellent  quality  alfalfa-mo- 
lasses silage  in  respect  to  color,  aroma,  and  taste  resulted  in  all  three 
years  No  difficulty  was  experienced  in  getting  the  steers  to  eat  the 
alfalfa  silage.  Some  scouring  was  noticed  at  first  but  it  never  be- 
came a  troublesome  factor. 

Table  2.-Summary  of  resulls  of  1937-38  steer-feeding  ^^P^'^^^f*  «^Yf /■ 
ing  168  days  in  which  corn  silage,  alfalfa- molasses  silage,  and  alfalfa  hay 
were  compared  as  roughages. 


Lot  I 


Lot  II 


Lot  III 


No.  of  steers  per  lot 
Av.  initial  wt.  per  steer 
Av.  final  wt.  per  steer 
Av.  daily  gain  per  steer 

Total  gain  per  steer 

Cost  of  feed  per  cwt.  gain* 

Initial  cost  per  cwt. 

Initial  cost  per  cwt.  in  lots 

Selling  price  per  cwt. 

Net  return  per  steer 

Return  per  cwt.  corn-and-cob  meal 

Feed  consumed  per  head  daily: 
Corn-and-cob  meal 
Corn  silage 
Alfalfa-molasses  silage 

Alfalfa  hay 
Soybean  oilmeal 

Salt 

Ground  limestone 

Feed  required  per  cwt.  gain: 

Corn-and-cob  meal 
Corn  silage 

Alfalfa-molasses  silage 
Alfalfa  hay 
Soybean  oilmeal 


12 
630       lb. 
980       lb. 
2.08  lb. 

350       lb. 
$9.00 

7.35 

8.70 

8.65 
—3.55 


.84 


13.6 
12.2 


lb. 
lb. 


1.05  lb. 
3  oz. 
1      oz. 


654       lb. 
589       lb. 


51       lb. 


12 
627       lb. 
1023       lb. 
2.36  lb. 

396       lb. 

$8.50 

7.35 

8.70 

8.65 

—1.81 

.92 


13.6    lb. 
21.001b. 

1.3    oz. 

577       lb. 
890      lb. 


12 

629       lb. 

988       lb. 

2.13  lb. 

359       lb. 

$9.52 

7.35 

8.70 

8.65 

—5.46 

.76 


13.6    lb. 

8.86  lb. 
1.09  oz. 

637       lb. 
415      lb. 


♦Feed  prices:  corn  and  cob  meal.  $1  per  cwt  ;  co^^.f^ilf '  ll^^neVt^o'k-  mo^^^^^ 
silage.  $6  per  ton;  alfalfa  hay.  $15  per  ton;  soybean  oilmeal,  $33  per  ton.  molasses,  ^^lo.^y^ 

per  ton  or  10  cents  per  gallon. 

In  the  1937-38  feeding  experiment  in  which  third  cutting  alfalfa 
was  used  in  making  the  silage  and  hay  fed  to  Lots  II  and  III  respec- 
lively,  the  steers  fed  alfalfa-molasses  silage  made  the  greatest  and 
most  economical  gains.  The  Lot  II  steers  were  not  any  higher  m 
finish  than  those  of  Lot  III  but  were  slightly  more  growthy.  On 
the  same  grain  ration,  Lot  II  on  alfalfa-molasses  silage  consumed 
about  9  pounds  more  silage  per  head  per  day  than  was  consumed 
by  Lot  I  which  received  corn  silage.    On  the  basis  of  dry  matter  ted 
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Table  3. — Dry  matter  and  protein  required  per  pound 
steer  feeding  experiment. 

of  gain  in  1937-38 

Dry  Matter 

Protein 

Lot 

No.                Total  Gain 

Total 

Per  lb.  Gain 

Per  lb. 
Total          Gain 

pounds 

I  4196 

II  4753 

III  4310 

pounds 

31998 
34120 
39290 

pounds 

7.62 
7.18 
9.11 

pounds       pounds 

2983                  .71 
3702                  .78 
4363                1.01 

in  the  3  rations,  Lot  I  produced  1  pound  of  gain  on  7.62  pounds  of  dry 
matter;  Lot  II  required,  7.18  pounds;  and  Lot  III,  9.11  pounds. 

The  steers  were  marketed  in  Altoona,  Pa.,  and  dressed  weights 
and  carcass  grades  were  secured  from  the  packer.  The  steers  in 
Lot  I  had  a  slightly  higher  yield  in  pounds  of  beef  but  did  not  grade 
as  many  choice  carcasses  as  did  the  Lot  III  cattle.  Lot  II  and  III  each 
contained  one  carcass  which  had  a  sUghtly  yellow  cast  to  the  fat. 

Table  4.-Carcass  grades  and  yields  of  steers  in  1937-38  feeding  test. 


Lot  No. 


Choice 


Good 


Commercial 


Yield 
(warm  wt.) 


I 

II 

III 


5 
4 
6 


6 
8 
6 


per  cent 

59.15 

59.3 

59.2 


T  ^f  IT  nt  the  beginning  of  the  1937-38  feed- 
Fig.  l.-The  above  steers  are  Lot  ^^  ^^^^^^^^^^^^  all  three  lots  for 
ing  experiment.   They  are  typical  of  the  cauie  u 

the  three  years. 
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Representative  steers  from  Lot  I  at  beginning  of  168-day  feeding  test. 


Representative  steers  from  Lot  II  at  beginning  of  168-day  feeding  test. 


Representative  steers  from  Lot  III  at  beginning  of  168-day  feeding  test. 


Fig.  2.— Each  of  these  three  lots  of  steers  received  the  same  amount  of 
corn-^nd-cob  meal.  For  roughage  Lot  I  received  corn  ^^^Se^f^l^^^i^i^^ 
molasses  silage;  and  Lot  III,  alfalfa  hay.  Lot  I  received  sufficient  soybean 
oilmeal  to  bring  the  protein  level  up  to  that  of  Lots  II  and  ill. 
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Typical  steers  from  Lot  I  at  the  end  of  the  feeding  test. 


■ritT'a  W   ' 


Typical  steers  from  Lot  II  at  the  end  of  the  feeding  test. 


x>!*m^ 
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Typical  steers  from  Lot  III  at  the  end  of  the  feeding  test. 


ik»  Viv 


Fig.  3.-These  steers  as  well  as  those  shown  jn  figure  1  were  fed  in^«.e 
fnSs  llfcSir^oflTfn-^hl^^^  the  other  in  this 

picture  being  a  substitute. 
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Table  5.— Summary 


of  results  of  1938-39  steer  feeding  experiment,  168  days. 


Lot  I 


Lot  II 


No.  of  steers  per  lot 
Av.  initial  wt.  per  steer 
Av.  final  wt.  per  steer 
Av.  daily  gain  per  steer 
Total  gain  per  steer 

Cost  of  feed  per  cwt.  gain.* 

Initial  cost  per  cwt. 

Initial  cost  per  cwt.  in  lots 

Selling  price  per  cwt. 

Net  return  per  steer 

Return  per  cwt.  corn-and-cob  meal 

Feed  consumed  per  head  daily: 

Corn-and-cob  meal 
Corn  silage 
Alfalfa-molasses  silage 

Alfalfa  hay  .     ^ 

Soybean  oilmeal  (pea  size) 

Salt 

Ground  limestone 

Feed  required  per  cwt.  gain: 

Corn-and-cob  meal 
Corn  silage 
Alfalfa-molasses  silage 

Alfalfa  hay  . 

Soybean  oilmeal  (pea  size) 


12 

628       lb. 

978       lb. 

2.08  lb. 

350       lb. 

$8.45 
7.75 
9.15 
9.20 

.18 

.96 


11.641b. 
13.95  lb. 


1.53  lb. 

1.5  oz. 

3.6  oz. 


12 

634       lb. 

960       lb. 

1.941b. 

326       lb. 

$8.78 

7.75 

9.15 

9.10 

—1.96 

.85 


11.641b. 
19.74  lb. 

1.07  oz. 


Lot  III 

12 

636       lb. 

963       lb. 

1.941b. 

327       lb. 

$8.86 

7.75 

9.15 

9.20 

—1.29 

.88 


11.641b. 

8.151b. 
1.03  oz. 


560 
671 


lb. 
lb. 


599 
1016 


lb. 
lb. 


599      lb. 


419       lb. 


74      lb. 


lasses.  $16.50  per  ton. 

The  grain  level  of  the  1938-39  experiment  was  ^.^d^^^f  ^  po^^^^^^^^ 
per  head  daily  under  that  of  the  previous  y^^^^^^^J^^^^;^^^^^^^^^ 
to  consume  more  roughage.  On  the  contrary  Lots  "  ^^^  JII  con 
sumed  less  roughage  which  might  be  expected  of  Lot  II  because  of 
the  higher  dry  matter  content  of  the  silage,  Table  1. 

Table  6.-Dry  matter  and  protein  required  per  pound  gain  in  1938-39 
steer  feeding  experiment. 


Dry  Matter 


Protein 


Lot 
No. 


Total  Gain 


Total 


Per  lb.  gain 


Total 


Per  lb. 
gain 


I 

n 

III 


pounds 

4194 
3919 
3922 


pounds 

31035 
43258 
34414 


pounds 

7.40 

11.04 

8.77 


pounds 

3296 
3729 
3682 


pounds 

.79 
.95 
.94 
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Table  7. — Carcass  grades  and  yields  of  steers  in  1938-39  feeding  test. 


Lot  No. 


Choice 


Good 


Commercial      Yield 

(warm  wt.) 


I 
II 

III 


6 
4 
3 


6 
7 
8 


1 
1 


per  cent 

59.8 
59.0 
60.1 


The  1938-39  experiment  showed  no  significant  difference  between 
the  three  lots  either  in  rate  or  economy  of  gain  except  that  the 
amount  of  dry  matter  necessary  to  produce  1  pound  of  gain  in  Lot 
II  was  3i  pounds  greater  than  in  Lot  I. 

The  Lot  I  steers  were  a  very  uniform  group  and  carried  a  smooth 
covering  of  white  fat.  Lots  II  and  III  each  contained  one  carcass 
which  ribbed  down  dark.  There  were  no  carcasses  carrying  yellow 
fat.   Lot  III  cattle  lacked  the  finish  of  the  same  lot  in  1937. 

Table  8.— Summary  of  results  of  1939-40  steer  feeding  experiment,  168 
days.  


Lot  I 


Lot  II 


13 

624      lb. 

1023       lb. 

2.37  lb. 

399      lb. 

$8.84 

8.65 

9.90 

9.35 

—4.45 

.81 


13 

622      lb. 

984      lb. 

2.15  lb. 

362      lb. 

$8.59 

8.65 

9.90 

9.35 

—3.29 

.84 


Lot  III 

13 

626      lb. 

984      lb. 

2.12  lb. 

358       lb. 

$8.67 

8.65 

9.90 

9.35 

—3.65 

.83 


No.  of  steers  per  lot 
Initial  wt.  per  steer 
Final  wt.  per  steer 
Av.  daily  gain  per  steer 
Total  gain  per  steer 

Cost  of  feed  per  cwt.  gain* 

Initial  cost  per  cwt. 

Initial  cost  per  cwt.  in  lots 

Selling  price  per  cwt. 

Net  return  per  steer 

Return  per  cwt.  corn-and-cob  meal 

Feed  consumed  per  head  daily: 

Corn-and-cob  meal 

Corn  silage 

Alfalfa-molasses  silage 

Soybean  oilmeal 

Alfalfa  hay 

Salt 

Ground  limestone 

Feed  required  per  cwt.  gain: 
Corn-and-cob  meal 
Corn  silage 
Alfalfa-molasses  silage 

Alfalfa  hay 

Soybean  oilmeal 

•Feed  prices:  corn-and-cob  meal   $1  per  cwt'  c^^^^ 
lasses  silage.  $6  per  ton;  soybean  oilmeal,  $33  per  ion. 
$16.50  per  ton. 


12.56  lb. 
19.121b. 

1.881b. 

.9  oz. 
1.2  oz. 


529      lb. 
805      lb. 


76      lb. 


12.56  lb. 
19.59  lb. 

1.28  oz. 
.8    oz. 

583      lb. 
908      lb. 


12.56  lb. 


7.75  lb. 

1.28  oz. 

.8  oz. 

590      lb. 
364      lb. 
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The  third  cutting  alfalfa  used  in  1937-38  was  fine-stemmed  and 
leafy  and  contained  about  7  per  cent  more  moisture  than  the  first 
cutting  used  in  1938-39  and  1939-40.  Considerable  seepage  from  the 
silo  occurred  with  the  third  cutting.  Excellent  quality  alfalfa-mo- 
lasses silage  in  respect  to  color,  aroma,  and  taste  resulted  in  all  three 
years.  No  difficulty  was  experienced  in  getting  the  steers  to  eat  the 
alfalfa  silage.  Some  scouring  was  noticed  at  first  but  it  never  be- 
came a  troublesome  factor. 

Table  2. — Summary  of  results  of  1937-38  sleer-feeding  experiment  cover- 
ing 168  days  in  which  corn  silage,  alfalfa-molasses  silage,  and  alfalfa  hay 
were  compared  as  roughages. 


Lot  I 

Lot  II 

Lot  III 

No.  of  steers  per  lot 

12 

12 

12 

Av.  initial  wt.  per  steer 

630       lb. 

627       lb. 

629      lb. 

Av.  final  wt.  per  steer 

980       lb. 

1023       lb. 

988      lb. 

Av.  daily  gain  per  steer 

2.08  lb. 

2.36  lb. 

2.131b. 

Total  gain  per  steer 

350       lb. 

396      lb. 

359      lb. 

Cost  of  feed  per  cwt.  gain* 

$9.00 

S8.50 

$9.52 

Initial  cost  per  cwt. 

7.35 

7.35 

7.35 

Initial  cost  per  cwt.  in  lots 

8.70 

8.70 

8.70 

Selling  price  per  cwt. 

8.65 

8.65 

8.65 

Net  return  per  steer 

3.55 

1.81 

5.46 

Return  per  cwt.  corn-and-cob  meal 

.84 

.92 

.76 

Feed  consumed  per  head  daily: 

Corn-and-cob  meal 

13.6     lb. 

13.6    lb. 

13.6    lb. 

Corn  silage 

12.2     lb. 

Alfalfa-molasses  silage 

21.00  lb. 

Alfalfa  hay 

8.86  lb. 

Soybean  oilmeal 

1.05  lb. 

Salt 

3       oz. 

1.3    oz. 

1.09  oz. 

Ground  limestone 

1       oz. 

Feed  required  per  cwt.  gain: 

Corn-and-cob  meal 

654       lb. 

577       lb. 

637       lb. 

Corn  silage 

589       lb. 

Alfalfa-molasses  silage 

890       lb. 

Alfalfa  hay 

415       lb. 

Soybean  oilmeal 

51       lb. 

*Feed  prices:  corn  and  cob  meal,  $1  per  cwt.;  corn  silage,  $5  per  ton;  alfalfa-moh'i'<ses 
silage,  $6  per  ton;  alfalfa  hay,  $15  per  ton;  soybean  oilmeal,  $33  per  ton;  molasses,  $)6.50 
per  ton  or  10  cents  per  gallon. 

In  the  1937-38  feeding  experiment  in  which  third  cutting  alfalfa 
was  used  in  making  the  silage  and  hay  fed  to  Lots  II  and  III  res|  ec- 
tively,  the  steers  fed  alfalfa-molasses  silage  made  the  greatest  nd 
most  economical  gains.  The  Lot  II  steers  were  not  any  highe  in 
finish  than  those  of  Lot  III  but  were  slightly  more  growthy.  On 
the  same  grain  ration,  Lot  II  on  alfalfa-molasses  silage  consu'  led 
about  9  pounds  more  silage  per  head  per  day  than  was  consul  led 
by  Lot  I  which  received  corn  silage.    On  the  basis  of  dry  matter  fed 


Table  3. — Dry  matter  and  protein  required  per  pound  of  gain  in  1937-38 
st*^  er  feeding  experiment. 


— 

Total  Gain 

Dry  Matter 

Protein 

Lot 

No. 

Total 

Per  lb.  Gain 

Total 

Per  lb. 
Gain 

I 

11 

111 

pounds 

4196 
4753 
4310 

pounds 

31998 
34120 
39290 

pounds 

7.62 
7.18 
9.11 

pounds 

2983 
3702 
4363 

pounds 

.71 

.78 

1.01 

in  the  3  rations,  Lot  I  produced  1  pound  of  gain  on  7.62  pounds  of  dry 
matter;  Lot  II  required,  7.18  pounds;  and  Lot  III,  9.11  pounds. 

The  steers  were  marketed  in  Altoona,  Pa.,  and  dressed  weights 
and  carcass  grades  were  secured  from  the  packer.  The  steers  in 
Lot  I  had  a  slightly  higher  yield  in  pounds  of  beef  but  did  not  grade 
as  many  choice  carcasses  as  did  the  Lot  III  cattle.  Lot  II  and  III  each 
contained  one  carcass  which  had  a  slightly  yellow  cast  to  the  fat. 

Table  4. — Carcass  grades  and  yields  of  steers  in  1937-38  feeding  test. 


Lot  No. 


Choice 


Good 


Commercial         Yield 

(warm  wt.) 


I 

II 

III 


5 

4 
6 


6 
8 
6 


per  cent 

59.15 

59.3 

59.2 


Fig.  1. — The  above  steers  are  Lot  II  at  the  beginning  of  the  1937-38  feed- 
ing xperiment.  They  are  typical  of  the  cattle  used  in  all  three  lots  for 
the  li.ree  years. 


V.:m 


WlfM^-^ 
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Representative  steers  from  Lot  I  at  beginning  of  168-day  feeding  test. 


Typical  steers  from  Lot  I  at  the  end  of  the  feeding  test. 


Representative  steers  from  Lot  II  at  beginning  of  168-day  feeding  test. 


Representative  steers  from  Lot  III  at  beginning  of  168-day  feeding  test. 


Fig.  2. — Each  of  these  three  lots  of  steers  received  the  same  amoui  of 
corn-and-cob  meal.  For  roughage,  Lot  I  received  corn  silage;  Lot  II,  alfi  fa- 
molasses  silage;  and  Lot  III,  alfalfa  hay.  Lot  I  received  sufficient  soyl  an 
oilmeal  to  brmg  the  protein  level  up  to  that  of  Lots  II  and  III. 


'Ti^^'»m$m'''   p« 


Typical  steers  from  Lot  II  at  the  end  of  the  feeding  test. 


fuw^ 


■■  >?**si^w! 


■*"  .  *■ 


Typical  steers  from  Lot  III  at  the  end  of  the  feeding  test. 


•>»<w. 


lof  J^on  7"'^^^^^  Steers  as  well  as  those  shown  in  figure  1  were  fed  in  the 
i»^- -39  feedmg  experiment,  and  the  pairs  from  each  lot  are  the  same 
animals  except  m  Lot  II  in  which  one  animal  is  the  same,  the  other  in  this 
picture  being  a  substitute. 
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Table  5.— Summary  of  results  of  1938-39  sleer  feeding  experiment,  168  days. 


Lot  I 


Lot  II 


Lot  III 


No.  of  steers  per  lot 
Av.  initial  wt.  per  steer 
Av.  final  wt.  per  steer 
Av.  daily  gain  per  steer 
Total  gain  per  steer 

Cost  of  feed  per  cwt.  gain.* 

Initial  cost  per  cwt. 

Initial  cost  per  cwt.  in  lots 

Selling  price  per  cwt. 

Net  return  per  steer 

Return  per  cwt.  corn-and-cob  meal 

Feed  consumed  per  head  daily: 

Corn-and-cob  meal 

Corn  silage 

Alfalfa-molasses  silage 

Alfalfa  hay 

Soybean  oilmeal  (pea  size) 

Salt 

Ground  limestone 

Feed  required  per  cwt.  gain: 

Corn-and-cob  meal 
Corn  silage 

Alfalfa-molasses  silage 
Alfalfa  hay- 
Soybean  oilmeal  (pea  size) 


12 

628       lb. 

978       lb. 

2.08  lb. 

350       lb. 

$8.45 
7.75 
9.15 
9.20 

.18 

.96 


11.641b. 
13.95  lb. 


1.53  lb. 

1.5  oz. 

3.6  oz. 


560       lb. 
671       lb. 


74       lb. 


12 

634       lb. 

960       lb. 

1.941b. 

326       lb. 

$8.78 

7.75 

9.15 

9.10 

—1.96 

.85 


11.641b. 
19.74  lb. 

1.07  oz. 


12 

636       lb. 

963       lb. 

1.941b. 

327       lb. 

$8.86 

7.75 

9.15 

9.20 

—1.29 

.88 


11.641b. 

8.151b. 
1.03  oz. 


599       lb. 
1016       lb. 


599      lb. 
419       lb. 


♦Feed  prices:  corn-and-cob  meal,  95  cents  per  cwt.;  corn  silage,  $5  50  per  ton;  alfalfa- 
molasses  silage,  $6  per  ton;  alfalfa  hay.  $15  per  ton;  soybean  oilmeal,  $33  per  ton;  mo- 
lasses, $16.50  per  ton. 

The  grain  level  of  the  1938-39  experiment  was  reduced  2  pounds 
per  head  daily  under  that  of  the  previous  year  to  induce  the  steers 
to  consume  more  roughage.  On  the  contrary,  Lots  II  and  III  con- 
sumed less  roughage  which  might  be  expected  of  Lot  II  because  of 
the  higher  dry  matter  content  of  the  silage,  Table  1. 

Table  6.— -Dry  matter  and  protein  required  per  pound  gain  in  1938  39 
steer  feeding  experiment. 


Total  Gain 

Dry  Matter 

Protein                 \ 

Lot 
No. 

Total 

Per  lb.  gain 

Total 

Per  lb.       I 
gain         1 

I 

II 

III 

pounds 

4194 
3919 
3922 

pounds 

31035 
43258 
34414 

pounds 

7.40 

11.04 

8.77 

pounds 

3296 
3729 
3682 

poi  ds 

.79      1 
.95      \ 
.94      ] 

Table  7. — Carcass  grades  and  yields  of  steers  in  1938-39  feeding  test. 


Lot  No. 


Choice 


Good 


Commercial      Yield 

(warm  wt.) 


I 

II 

III 


6 

4 
3 


6 

7 
8 


1 
1 


per  cent 

59.8 
59.0 
60.1 


The  1938-39  experiment  showed  no  significant  difference  between 
the  three  lots  either  in  rate  or  economy  of  gain  except  that  the 
amount  of  dry  matter  necessary  to  produce  1  pound  of  gain  in  Lot 
II  was  3i  pounds  greater  than  in  Lot  I. 

The  Lot  I  steers  were  a  very  uniform  group  and  carried  a  smooth 
covering  of  white  fat.  Lots  II  and  III  each  contained  one  carcass 
which  ribbed  down  dark.  There  were  no  carcasses  carrying  yellow 
fat.   Lot  III  cattle  lacked  the  finish  of  the  same  lot  in  1937. 

Table  8. — Summary  of  results  of  1939-40  steer  feeding  exDeriment,  168 

days. 


Lot  I 


Lot  II 


Lot  III 


No.  of  steers  per  lot 
Initial  wt.  per  steer 
Final  wt.  per  steer 
Av.  daily  gain  per  steer 
Total  gain  per  steer 

Cost  of  feed  per  cwt.  gain* 

Initial  cost  per  cwt. 

Initial  cost  per  cwt.  in  lots 

Selling  price  per  cwt. 

Net  return  per  steer 

Return  per  cwt.  corn-and-cob  meal 

Feed  consumed  per  head  daily: 

Corn-and-cob  meal 
Corn  silage 

Alfalfa-molasses  silage 

Soybean  oilmeal 

Alfalfa  hay 

Salt 

Ground  limestone 

Feed  required  per  cwt.  gain: 

Corn-and-cob  meal 
Corn  silage 

Alfalfa -molasses  silage 
Alfalfa  hay 
Soybean  oilmeal 


13 

624       lb. 

1023       lb. 

2.37  lb. 

399       lb. 

$8.84 

8.65 

9.90 

9.35 

—4.45 

.81 


12.56  lb. 
19.121b. 

1.881b. 

.9   oz. 
1.2   oz. 


13 

622       lb. 

984       lb. 

2.151b. 

362       lb. 

$8.59 

8.65 

9.90 

9.35 

—3.29 

.84 


12.56  lb. 
19.591b. 


13 

626       lb. 

984       lb. 

2.12  1b. 

358       lb. 

$8.67 

8.65 

9.90 

9.35 

—3.65 

.83 


12.56  lb. 


529 
805 


lb. 
lb. 


1.28  oz. 
.8    oz. 


583       lb. 
908       lb. 


76       lb. 


7.75  lb. 

1.28  oz. 

.8   oz. 

590      lb. 
364      lb. 


la^Ji t^i^i ^"^ *o'  corn-and-cob  meal.  $1  per  cwt.;  corn  silage.  $5  per  ton;  alfalfa-mo- 
$iR  rn  ^"^Se*  $6  per  ton;  soybean  oilmeal,  $33  per  ton;  alfalfa  hay.  $15  per  ton;  molasses 
fio...u  per  ton.  .'    -r      x- 
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Table  9. — Dry  matler  and  protein  required  per  pound  gain  in  1939  40 
steer  feeding  experiment. 


Total  Gain 

Dry  Matter 

Protein 

Lot 
No. 

Total 

Per  lb.  gain 

Total 

Per  lb. 
gain 

I 

II 

III 

pounds 

5190 
4708 
4648 

pounds 

39291 
36513 
38780 

pounds 

7.57 
7.76 
8.34 

pounds 

4214 
3743 
4226 

pounds 

.81 
.80 
.88 

In  the  1939-40  experiment,  the  grain  level  was  raised  about  a 
pound  over  that  of  1938-39,  from  11.64  to  12.56  pounds  corn-and-cob 
meal  daily.  The  outstanding  difference  in  food  intake  between  Lot  I 
in  the  1939-40  experiment  and  the  same  lot  in  the  two  previous 
years  was  the  marked  increase  in  the  daily  consumption  of  corn 
silage.  In  the  two  previous  trials,  the  steers  were  fed  hay  alone  for 
several  weeks  to  regain  the  fill  lost  in  shipment.  In  1939-40  all  three 
lots  were  fed  all  the  corn  silage  they  would  eat  for  10  days  to  give 
them  fill.  This  gave  the  corn  silage  lot  a  longer  orientation  period 
and  they  continued  to  consume  a  heavy  daily  feed  of  silage  through- 
out the  entire  168  days. 

Although  the  gains  were  greater  for  Lot  I,  the  cost  of  100  pounds 
of  gain  was  also  greater  and  the  net  return  per  steer  less  than  in 
Lots  II  and  III.  The  purchase  of  soybean  oilmeal  at  carlot  rates  at 
$27  per  ton  instead  of  $33  as  charged  in  the  experiment  makes  a 
difference  of  20  cents  in  the  cost  per  100  pounds  gain.  Grass  silage 

Table  10. — Carcass  grades  and  yields  of  steers  in  1939-40  feeding  test. 


Lot  I 

Lot  II 

Lot  III 

Dr. 

Color 

Dr. 

Color 

Dr. 

Color 

No. 

Wt. 

Grade 

Units 

No. 

Wt. 

Grade 

Units 

No. 

Wt. 

Grade 

Unus 

58 

572 

good 

1.1 

53 

588 

ch. 

1.3 

51 

596 

ch. 

1.0 

!i9. 

po« 

ch. 

1.5 

54 

646 

good 

3.0* 

55 

600 

good 

1.6 

56 

630 

good 

1.5 

61 

487 

med. 

1.0 

57 

662 

good 

1.0 

60 

512 

good 

1.5 

63 

581 

good 

1.3 

59 

604 

ch. 

1.5 

66 

614 

good 

1.4 

65 

556 

good 

2.3 

tt 

555 

ch. 

1.0 

68 

615 

good 

2.3 

72 

597 

ch. 

2.1 

64 

556 

ch. 

1.4 

71 

613 

ch. 

1.0 

76 

616 

ch. 

1.7 

87 

616 

ch. 

2.0 

73 

582 

good 

2.5 

77 

606 

good 

2.5 

00 

525 

good 

1.0 

74 

636 

good 

2.4 

79 

602 

good 

2.3 

70 

541 

good 

2.1 

82 

672 

ch. 

2.1 

80 

601 

ch. 

2.2 

75 

646 

ch. 

2.4 

83 

685 

ch. 

2.2 

85 

600 

good 

1.0 

78 

580 

good 

1 ;? 

86 

668 

ch. 

1.2 

87 

673 

ch. 

1.8 

81 

584 

good 

1.0 

92 

595 

ch. 

1.9 

91 

607 

good 

1.2 

88 

681 

good 

2.1": 

Average 

dressed  wt.  622  pounds 

597  pounds 

588  pounds 

Average 

polor  un 

Its  1.74 

1.82 

1.54 

Average 

yield  (warm)  61.9  per  cent 

61.7 

per  cent 

60  per  cent 
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plays  an  important  role  in  furnishing  protein  in  a  fattening  ratiun 
for  steers. 

There  was  less  difference  in  the  amount  of  dry  matter  and  crude 
protein  required  to  make  1  pound  of  gain  in  the  three  lots  than  in 
any  of  the  previous  experiments.  The  gains  were  very  similar  and 
cattle  as  a  whole  were  more  uniformly  finished  than  in  1937  and 
1938. 

In  the  1939-40  experiment,  a  fat  sample  was  taken  from  the  rib  of 
each  carcass  and  the  color  determined  with  a  Lovibond  tintometer. 
Anything  over  2.5  was  graded  as  shghtly  yellow.  Only  one  carcass 
which  was  found  in  Lot  II  was  shghtly  yellow.  The  dressed  yield 
of  the  1939  cattle  was  higher  than  in  the  two  previous  experiments. 

SUMMARY 

Each  of  three  Lots  of  good  steers  during  each  of  three  feeding  sea- 
sons received  the  same  amount  of  corn-and-cob  meal  for  their  gram 
ration  In  addition  Lot  I  received  sufficient  protein  supplement  in 
the  form  of  pea  size  soybean  oilmeal  to  keep  the  protein  level  sim- 
ilar to  Lots  II  and  III.  The  grain  ration  was  hmited  but  roughages 
were  fed  according  to  appetite. 

For  roughage  Lot  I  received  corn  silage,  Lot  II  received  alfalfa- 
molasses  silage  (50  lb.  molasses  per  ton) ,  and  Lot  III  received  al- 
falfa hay  made  from  the  same  field  and  cutting  as  the  silage. 

The  steers  originated  in  Kansas  and  Texas  and  averaged  628 
pounds  in  weight.  They  were  marketed  after  a  168-day  feeding  per- 
iod at  an  average  weight  of  990  pounds.  The  bid  prices  on  the  three 
different  lots  were  the  same  in  every  instance  except  Lot  II  in  19J» 
which  sold  10  cents  lower  because  it  was  not  as  highly  finished. 

The  finished  steers  were  marketed  in  Altoona,  which  is  a  45-mile 
haul  by  truck.  The  average  drift  on  this  haul  was  H  per  cent.  The 
necessary  marketing  charge  to  cover  cost  of  trucking  and  drift  was 
.15  cents  per  hundred  pounds. 

Each  year  the  steers  in  Lot  I  carried  shghtly  more  finish  than  the 
steers  of  Lot  II  and  III  but  they  were  somewhat  paunchy  in  U«.^9, 
probably  due  to  the  high  roughage  intake.  Lot  II  cattle  were  ( -m- 
ceded  to  have  tidier  middles  but  appeared  a  little  growthy  and  not 
as  highly  finished,  except  in  1937  when  Lot  II  steers  carried  ab-ut 
the  same  condition  as  Lot  I. 

Lot  I  consumed  twice  as  much  ground  limestone  as  either  L^-i  H 
or  III. 

No  difficulty  from  scours  was  experienced  in  the  molasses  sii:^ge 
fed  group,  Lot  II. 


There  was  no  significant  difference  between  the  carcass  yields  of 
the  three  lots  but  Lot  I  produced  10  per  cent  and  5  per  cent  more 
choice  carcasses  respectively  than  did  Lot  II  and  III. 

Lot  II  gave  the  highest  return  per  hundred-weight  of  corn-and- 
cob  meal  fed. 

The  cost  of  100  pounds  of  gain  over  a  3-year  period  was  $8.76  for 
Lot  I;  $8.62  for  Lot  II,  and  $9.02  for  Lot  III. 

The  gains  in  all  three  lots  were  in  direct  proportion  to  the  amount 
of  corn  in  the  ration. 

The  168-day  feeding  period  did  not  produce  any  yellow  fat  on  the 
carcasses. 

The  results  of  these  three  feeding  trials  would  indicate  that  alf- 
alfa-molasses silage  is  slightly  superior  to  alfalfa  hay  of  No.  3  grade, 
made  under  June  weather  conditions  in  Pennsylvania,  as  a  rough- 
age for  fattening  steers  but  holds  no  advantage  over  corn  silage. 

The  rations  of  Lots  I  and  II  probably  should  include  about  a 
pound  of  dry  roughage  per  head  per  day  in  f eedlot  practice.  It  was 
not  included  in  these  trials  for  experimental  reasons. 
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Recent  Developments  in  Vitamin  Research 

An  Address  Delivered  at  the  Convention  of  the  American  Feed  Manufacturers  Association 

By  DR.  R.  ADAMS  DUTCHER,  of  Pennsylvania  State  College 


IT  must  have  been  about  15  years 
since  1  first  became  familiar  with 
tlje  problems  and  objectives  of  the 
feed  manufacturing  industry.  Since 
lluit  time,  I  have  had  an  opportunity, 
dirt'ctly  and  indirectly,  to  have  consid- 
erable contact  with  feed  manufacturers 
and  with  the  technical  men  associated 
with  tlie  feed  industry.  In  part,  my  in- 
terest lias  been  from  a  research  stand- 
point; and  in  part,  from  the  standpoint 
of  training  students  who  go  out  into  the 
feed  manufacturing  fields.  So  I  claim 
some  credit  for  liaving  played  a  part  in 
the  development  of  the  research  work 
that  has  been  done  (and  some  very  ex- 
cellent research  work  has  been  and  is 
heinir  <!one  bv  the  industry's  labora- 
tories)  hy  furnishing  some  of  tlie  younger 
men  who  are  now  "going  places"  in  the 
feed  research  field. 

I  even  claim  a  little  credit  for  giving 
Dr.  J.  K.  Hunter  an  opportunity  to  de- 
velop his  scientific  talents.  My  only 
regret  is  that  I  did  too  good  a  job.  He 
left  me  for  the  industrial  field,  but  my 
loss  was  industry's  gain.  My  own  re- 
search interests,  coupled  with  the  fact 
that  I  have  trained  these  young  men, 
leads  me  to  hope  that  I  am  not  going  to 
lose  complete  touch  with  the  technical 
workers  in  the  feed  industry  field. 

In  many  phases  of  nutrition  research, 
many  feed  laboratories  are  far  aliead  of 
university  laboratories.  Many  times  we 
swell  out  our  academic  chests  and  point 
to  new  discoveries,  only  to  learn  that 
some  feed  laboratory  has  worked  out 
these  problems  months  ago. 

1  am  not  attemi)ting  a  scholarly  resume 
of  all  phases  of  vitamin  research  in  this 
I>a)»er.  I  can  only  point  out  a  few  of 
the  recent  trends  that  have  been  of  spe- 
cial interest  to  me,  with  the  hope  that 
I  hose  who  have  not  attempted  to  follow 
the  voluminous  literature  may  be  able  to 
ohtain  some  conception  of  the  general 
trends  as  viewed  by  an  academic  worker 

SOME      GENERAL      OBSERVATIONS 

Probably  the  most  important  develop- 
ment, and  certainly  the  most  dramatic, 
has  been  the  part  that  modern  organic 
chemistry  has  played  in  the  major  feed 
nutriticm  trends  of  the  i)ast  few  years. 
Not  only  has  organic  chemistry  increased 
the  number  of  vitamins,  but  vitamins 
have  been  isolated  in  pure  form,  their 
structure  has  been  determined,  and  many 
of  them  have  been  synthesized  in  the 
laboratory.  In  fact,  synthetic  vitamins 
are  now  manufactured  in  commercial 
quantities,  with  the  residtant  lowering  of 
cost  to  the  consumer  as  cost  of  produc- 
tion is  lowered  and  quantity  j)roduction 
increased.  This  not  only  concerns  the 
purified  vitamins,  the  so-called  crystalline 
products,  but  also  applies  to  the  concen- 
trates  th-'tt    hnv'p   }^r^^T^    (Ifvclnpcd    ip    '^OM' 


In  the  past  few  years,  a  better  under- 
standing of  the  vitamin  content  of  nat- 
ural food  products,  and  the  factors  af- 
fecting their  potency,  has  been  achieved. 
New  and  improved  vitamin-containing 
foods  are  becoming  available,  such  as  ir- 
radiated products,  dehydrated  natural 
products  of  high  potency,  special  yeast 
products,  riboflavin-rich  products  pro- 
duced by  special  fermentation  methods, 
products  of  micro-distillation,  and  con- 
centrates from  milk  whey,  fish  liquors 
and  various  types  of  natural  products. 

While  feed  and  food  manufacturers 
have  resorted  to  fortification  or  enrich- 
ment with  vitamins,  the  policy  has  not 
received  the  blessing  of  governmental  and 
medical  authorities  until  comparatively 
recently.  The  national  defense  program 
and  lessons  learned  in  Europe  have  done 
much  to  make  the  public  vitamin-con- 
scious. 

Last,  but  not  least,  alphabetical  desig- 
nations are  gradually  giving  way  to  such 
six-dollar  words  as  riboflavin,  pantothe- 
nic acid,  ascorbic  acid,  pyridoxine,  cal- 
ciferol and  activated  7-dehydrocholes- 
terol.  These  are  only  the  simplest  ones. 
There  are  between  30  and  35  factors 
discussed  in  the  run-of-the-mill  vitamin 
literature. 

VITAMIN   A 

The  discovery  that  certain  of  the  caro- 
tenoid  j)igments,  specifically  beta  caro- 
tene, serve  as  pro-vitamins  or  precursors 
of  vitamin  A,  is  now  well  known.  This 
does  not  detract,  however,  from  the  dra- 
matic importance  of  the  discovery.  Re- 
searches of  even  greater  brilliance  have 
shown  that  light  sensitivity  and  night 
blindness  are  usually  prevented  and 
cured  by  ingestion  of  adequate  amounts 
of  carotene  and  vitamin  A.  Another  out- 
standing type  of  research  in  this  field, 
from  a  biochemist's  viewpoint,  was  that 
which  is  represented  by  the  work  of 
Wald,  Hecht  and  others,  leading  to  the 
discovery  of  the  mechanism  of  the  photo- 
chemical changes  in  normal  vision.  They 
have  shown  that  light  decomposes  visual 
purple  in  the  retina  of  the  eye,  forming 
visual  yellow  (retinene),  which,  with  pro- 
tein and  reserve  supplies  of  vitamin  A, 
again  regenerate  visual  purple.  There- 
fore, the  rate  of  regeneration  of  visual 
purple  is  a  rough  index  of  the  supply  of 
vitamin  A  and  of  the  ability  of  the  tissues 
to   utilize  it. 

The  news  recently  publicized  the  fact 
that  army  physicians  have  observed  that 
Negroes  can  see  about  twice  as  well  in 
the  dark  as  white  soldiers.  The  possibil- 
ity of  using  Negroes  as  night  truck 
drivers  is  interesting.  This  will  be  a 
100%  "blackout"  so  far  as  a  hitch-hiking 
white  rookie  is  concerned.  But  serious- 
ly, to  the  biochemist  and  the  student  of 
nutrition,   this    offers    a    most    intriguing 


mother,  in  order  that  the  newborn  will 
be  able  to  start  life  without  a  deficiency 
of  the  fat  soluble  vitamins. 

To  date,  the  synthesis  of  vitamin  A 
has  been  largely  a  matter  of  academic 
interest.  From  a  practical  standpoint, 
however,  Hickman  and  coworkers,  using 
microdistillation,  have  succeeded  in  dis- 
tilling fat  soluble  vitamin-containing  oils 
and  concentrating  such  vitamins  as  A, 
D  and  E  to  an  amazingly  high  degree 
of  potency  and  purity.  Feed  manufac- 
turers are  already  acquainted  with  this 
relatively  new  commercial  development. 

Evidence  has  accumulated  to  prove 
that  two  forms  of  vitamin  A  exist,  name- 
ly, vitamin  A„  the  one  we  usually  think 
of  in  connection  with  marine  fish  liver 
oils;  and  vitamin  A^,  which  seems  to  be 
characteristic  of  fresh  water  fish.  The 
latter  differs  chemically  and  physically 
from  the  former. 

THIAMIN      (B,) 

Of  all  the  vitamins,  thiamin,  or  B„ 
is  the  "publicity  hound"  No.  1.  The 
primary  reason  for  this  lies  in  the  fact 
tliat  it  has  found  wide  use  in  clinical 
circles,  with  somewhat  dramatic  results. 
Owing  to  its  property  of  stimulating  cer- 
tain types  of  biological  oxidations,  work 
of  the  type  done  at  the  Mayo  clinic  has 
shown  that  its  absence  results  in  low- 
ered vitality  and  inefficiency.  Adequate 
su})plies  of  thiamin  resulted  in  greater 
enthusiasm  for  work  and  increased  stam- 
ina. As  a  result,  it  has  been  hailed  as 
the  "morale  vitamin." 

Fundamentally,  its  clinical  and  physio- 
logical effects  go  back  to  the  discovery 
that  pyruvic  acid,  a  product  of  inter- 
mediary metabolism,  cannot  be  oxidized 
unless  co-carboxylase  is  present.  Co- 
carboxylase  is  a  chemical  ester  of  thia- 
min and  pyrophosphoric  acid.  Without 
B„  co-carboxylase  cannot  be  synthesized. 
When  vitamin  B,-depleted  rats  are  in- 
jected with  thiamin  hydrochloride,  co- 
carboxylase  is  synthesized  in  the  liver 
and  kidney  almost  immediately. 

Medical  authorities  are  reporting  al- 
most dramatic  results  in  the  use  of  thia- 
min in  certain  types  of  nervous  disor- 
ders, and  vitamin  B,  is  a  standard  rem- 
edy for  patients  afflicted  with  alcoholic 
j)oIyneuritis.  British  physicians  are  ad- 
vocating thiamin  for  civilians  who  are 
undergoing  the  nerve-shattering  ordeal 
of  continuous  bombing. 

RIBOFLAVIN 

Riboflavin  is  one  of  the  fractions  of 
what  was  originally  called  vitamin  Bj. 
It  is  a  yellow  fluorescent  pigment  found 
in  many  natural  food  products,  particu- 
larly in  milk,  liver  and  yeast.  It  has 
also  been  synthesized  in  the  laboratory, 
and  the  synthetic  product  threatens  to  be 
a   serious  competitor  of  those  now  made 


which  is,  in  reality,  a  multiple  deficiency 
disease. 

NICOTINIC    ACID 

Nicotinic  acid  is  a  simple  pyridine 
carboxylic  acid  and  has  been  known  since 
the  days  of  Casamir  Funk's  early  work. 
In  fact,  he  isolated  it,  but  discarded  it 
because  it  did  not  cure  beri-beri.  In 
other  words,  it  had  to  be  rediscovered 
30  years  later.  Evlehjem  and  co-workers 
of  Wisconsin  are  responsible  for  the  dis- 
covery that  nicotinic  acid  and  its  amide 
are  curative  in  black  tongue  disease  of 
dogs.  This  disease  can  be  produced  on 
pellagragenic  diets;  that  is,  diets  that 
will  produce  pellagra  in  humans.  Spies 
and  others  have  shown  that  nicotinic 
acid  is  primarily  responsible  for  pre- 
venting and  curing  the  characteristic 
bilaterally  symmetrical  skin  lesions  of 
pellagra. 

Another  fact  of  considerable  phy.sio- 
logical  interest  is  that  nicotinic  acid  (in 
phosphorylated  form)  also  forms  co- 
enzymes which  act  as  hydrogen  carri- 
ers in  bringing  about  normal  oxidation 
of  carbohydrates  in  living  tissue. 

ASCORBIC     ACID 

Ascorbic  acid  is  another  pure  crystal- 
line product  of  known  chemical  struc- 
ture which  is  now  produced  conuner- 
cially  in  quantity  at  low  cost.  Appar- 
ently, it  can  be  synthesized  by  most 
species  of  animals,  with  the  exception  of 
a  few  species  such  as  man,  monkeys  and 
guinea  pigs.  Since  ascorbic  acid  is 
readily  and  reversibly  oxidized  and  re- 
duced, it  has  created  considerable  inter- 
est as  a  possible  anti-oxidant,  thus  in- 
teresting the  food  and  feed  manufactur- 
er. Professor  Dahle  and  his  associates 
at  Pennsylvania  State  College,  and  others 
in  other  laboratories,  have  shown  that 
they  have  been  able  to  prevent  "off- 
flavors"  in  milk  by  means  of  additions 
of  ascorbic  acid  to  the  milk. 

Dr.  Macy,  in  charge  of  the  nutrition 
work  of  the  Children's  Fund  of  Michigan 
at  Detroit,  has  a  unique  set-up  for  child 
feeding.  She  and  her  co-workers  sub- 
stantiate the  findings  of  Dr.  Hess  that 
ascorbic  acid  and  vitamin  C-rich  foods 
play  an  important  role  in  building  up 
resistance  to  colds.  Dr.  King,  of  Pitts- 
burgh, contends  that  this  vitamin  is  a 
"decoxicator,"  building  up  resistance  to 
toxins  and  poisons  of  bacterial  origin. 
He  finds  that  youthful  tissues  are  in- 
variably richer  in  ascorbic  acid  than 
similar  tissues  of  aged  people.  The 
mechanism  of  ascorbic  acid  synthesis  by 
certain  species  of  animals  is  still  an 
unsolved  problem.  Rations  high  in  dex- 
trin seem  to  cause  rats  to  excrete  greater 
amounts  of  ascorbic  acid,  but  no  clue 
regarding  the  synthetic  mechanism  has 
been   found. 


i.lUut  research  work  lias  been  aiva  is 
l„.,n^r  done  by  the  industry's  labora- 
t(.rks)  hy  furnislung  some  of  tlie  younger 
„„.„  who  are  nt»w  "going  places"  in  tlie 
fc'.J   researclj  field. 

1  even  claim  a  little  credit  for  giving 
1),  .1.  E.  Hunter  an  opportunity  to  de- 
ulnp  his  scientific  talents.  My  only 
pMrret  is  that  I  did  too  good  a  job.     He 
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Itii  me  for  the  industrial  field,  but  my 
los.  was  industry's  gain.  My  own  re- 
search interests,  coupled  with  the  fact 
tliat  1  bave  trained  these  young  men, 
leads  me  to  hope  that  I  am  not  going  to 
lose  complete  touch  with  the  technical 
xs.ukers  in  the  feed  industry  field. 

In  many  phases  of  nutrition  research, 
,„;my  feed  laboratories  are  far  ahead  of 
university  laboratories.  Many  times  we 
swell  out  our  academic  chests  and  point 
to  new  discoveries,  only  to  learn  that 
some  feed  laboratory  has  worked  out 
tluse  problems  months  ago. 

I  am  not  attempting  a  scholarly  resume 
„f  nil  phases  of  vitamin  research  in  this 
]>aper.  I  can  only  point  out  a  few  of 
[he  recent  trends  that  have  been  of  spe- 
cial interest  to  me,  with  the  hope  that 
those  who  have  not  attempted  to  follow 
the  voluminous  literature  may  be  able  to 
ohtain  some  conception  of  the  general 
trends  as  viewed  by  an  academic  worker. 


SOME      OENERAI.     OBSERVATIONS 

Probably  the  most  important  develop- 
nuM.t,   and   certainly    the   most   dran.atic, 
has   been   the   part   that   modern   organic 
chemistry  has  played  in  the  major  feed 
nutrition   trends   of   the   past   few   years. 
Not  only  has  organic  chemistry  increased 
the    number    of    vitamins,    but    vitamins 
have   been   isolated   in    pure    form,   their 
structure  has  been  determined,  and  many 
of    them    have    been    synthesized    in    the 
laboratory.      In    fact,   synthetic   vitamins 
;ire    now    manufactured    in    commercial 
quantities,  with  the  resultant  lowering  of 
cost  to  the  consumer  as  cost  of  produc- 
tion is  lowered  and  quantity  i)roducti(m 
increased.      This    not    only    concerns   the 
purified  vitamins,  the  so-called  crystalline 
products,  but  also  applies  to  the  concen- 
trates that  have  been  developed  in  com- 
paratively recent  months. 

This  has  led  to  more  exact  experimen- 
tal work  of  the  biological  type.     Uncom- 
plicated    deficiency     symptoms     can     be 
])roduced    and    cured.     This    information 
liad    to   be    available    before    very    nmcb 
progress  could  be  made.  Thus  has  evolved 
a   more   complete   knowledge   of   vitamin 
function.      In    addition,   the   existence  of 
pure    vitamins    bas   made    it    possible   to 
create    chemical,    physical    and    bacterio- 
logical methods  of  assay,  partly   replac- 
ing tedious,  expensive  and  time-consum- 
ing assay  methods  with  experimental  ani- 
mals.     Nevertheless,    it    will    be    a    long 
time    before    animal    tests    can    be   com- 
pletely done  away  with. 

The  use  of  pure  crystalline  vitamins 
has  led  to  the  establishment  of  inter- 
national standards  for  vitamin  assay,  and 
to  the  adoption  of  the  so-called  inter- 
national imits  of  measurement  for  sev- 
eral of  the  vitamins.  This,  in  turn,  has 
made  it  possible  to  establish  minimum 
vitamin  requirements  for  various  species 
of  animals,  including  man.  At  least,  this 
problem  has  been  api)roached  with  great- 
er confidence. 


medical  authorities  until  comparatively 
recently.  The  national  defense  program 
and  lessons  learned  in  Europe  bave  done 
nmcb  to  make  the  public  vitamin-con- 
scious. 

Last,  but  not  least,  alphabetical  desig- 
nations are  gradually  giving  way  to  such 
six-dollar  words  as  riboflavin,  pantothe- 
nic acid,  ascorbic  acid,  pyridoxine,  cal- 
ciferol and  activated  7-dehydrocholes- 
terol.  These  are  only  the  simplest  ones. 
There  are  between  30  and  35  factors 
discussed  in  the  run-of-the-mill  vitamin 
literature. 

VITAMIN   A 

The  discovery  that  certain  of  the  caro- 
tenoid   pigments,   specifically   beta   caro- 
tene, serve  as  pro-vitamins  or  precursors 
of  vitamin  A,  is  now  well  known.     This 
does  not  detract,  however,  from  the  dra- 
matic importance  of  the  discovery.     Re- 
searches of  even  greater  brilliance  have 
shown    that    ligbt    sensitivity    and    night 
blindness     are     usually     prevented     and 
cured  by  ingestion  of  adequate  amounts 
of  carotene  and  vitamin  A.    Another  out- 
standing  type   of    research   in   this   field, 
from  a  biochemist's  viewpoint,  was  that 
which    is    represented    by    the    work    of 
Wald,  Hecht  and  others,  leading  to  the 
discovery  of  the  mechanism  of  the  photo- 
chemical changes  in  normal  vision.    They 
have  shown  that  ligbt  decomposes  visual 
purple  in  the  retina  of  the  eye,  forming 
visual  yellow  (retinene),  which,  with  pro- 
tein and  reserve  supplies  of  vitamin  A, 
again   regenerate   visual   purple.     There- 
fore, the  rate  of   regeneration  of  visual 
purple  is  a  rough  index  of  the  supply  of 
vitamin  A  and  of  the  ability  of  the  tissues 
to  utilize  it. 

The  news  recently  publicized  the  fact 
that  army  physicians  bave  observed  that 
Negroes  can  see   about  twice  as  well  in 
the  dark  as  white  soldiers.    The  possibil- 
ity   of    using    Negroes    as    night    truck 
drivers    is    interesting.     This    will   be    a 
100%  "blackout"  so  far  as  a  hitch-hiking 
white  rookie  is  concerned.     But  serious- 
ly, to  the  biochemist  and  the  student  of 
nutrition,  this   offers   a   most   intriguing 
research    problem.     Why  is   it   and  how 
is   it   that   the   Negro   can   see   better   in 
the  dark?    Is  it  a  question  of  his  vitamin 
A  storage?     Is  it  a  matter  of  the  effect 
of  light  on  the  skin?     Is  it  a  pigmenta- 
tion problem?    Certainly,  it  is  a  very  in- 
triguing problem. 

I  have  been  unable  to  find  any  evi- 
dence that  there  is  much  danger  of  over- 
dosage of  vitamin  A.  Vedder  and  Ro- 
senberg have  fed  as  nmcb  as  100,000 
international  units  of  vitamin  A  daily 
without  ill  effects. 

Most  workers  agree  that  livers  of  new- 
born  animals   and  infants  are   very  low 
in  vitamin  A.     This  has  been  shown  to 
be  true  for  several  species.     Apparently, 
the   placenta   does   not   permit   the   pas- 
sage of  fat  soluble  vitamins  to  the  foetus. 
If  it  does,  the  vitamins  must  be  destroyed 
after  they  have  been  stored.    Since  foetal 
blood   is   lower   in    vitamin    A    than   the 
blood   of   the    mother,    it    would   appear 
that    the    "placental    barrier    theory"    is 
probably    correct.      This    points    to    the 
necessity   of   insuring  adequate   amounts 
of  the  fat  soluble  vitamins,  particularly 
vitamin   A,  in  the  diet  of   the  lactating 


of   in    connection    with    marine   fish   liver 


oils;  and  vitamin  A.,  which  seems  to  be 
characteristic  of  fresh  water  fish.  The 
latter  differs  chemically  and  physically 
from  the  former. 

THIAMIN     (b,) 
Of    all    the    vitamins,   thiamin,    or    B„ 
is    the    "publicity    hound"    No.    1.      The 
primary  reason  for  this  lies  in  the  fact 
that    it    has    found    wide    use    in   clinical 
circles,  with   somewhat  dramatic  results. 
Owing  to  its  property  of  stimulating  cer- 
tain types  of  biological  oxidations,  work 
of  the  type  done  at  the  Mayo  clinic  has 
shown   that    its   absence    results    in   low- 
ered vitality  and  inefficiency.     Adequate 
sui)plies   of   thiamin    resulted   in   greater 
enthusiasm  for  work  and  increased  stam- 
ina.    As  a  result,  it  has  been  hailed  as 
the  "morale  vitamin." 

Fundamentally,  its  clinical  and  physio- 
logical effects  go  back  to  the  discovery 
that  pyruvic  acid,  a  product  of  inter- 
mediary metabolism,  cannot  be  oxidized 
unless  co-carboxylase  is  present.  Co- 
carboxylase  is  a  chemical  ester  of  thia- 
min and  pyrophosphoric  acid.  Without 
B„  co-carboxylase  cannot  be  synthesized. 
When  vitamin  B,-depleted  rats  are  in- 
jected with  thiamin  hydrochloride,  co- 
carboxylase  is  synthesized  in  the  liver 
and  kidney  almost  inunediately. 

Medical  authorities  are  reporting  al- 
most dramatic  results  in  the  use  of  thia- 
min in  certain  types  of  nervous  disor- 
ders, and  vitamin  B,  is  a  standard  rem- 
edy for  patients  afflicted  with  alcoholic 
polyneuritis.  British  physicians  are  ad- 
vocating thiamin  for  civilians  who  are 
undergoing  the  nerve-shattering  ordeal 
of  continuous  bombing. 


RIBOFLAVIN 

Riboflavin   is   one   of   the   fractions   of 
what    was    originally   called   vitamin   B^. 
It  is  a  yellow  fluorescent  pigment  found 
in  many  natural  food  products,  particu- 
larly  in   milk,   liver   and   yeast.      It   has 
also  been  synthesized  in  the  laboratory, 
and  the  synthetic  product  threatens  to  be 
a  serious  competitor  of  those  now  made 
by  fermentation  or  by  extraction  of  nat- 
ural   products.      Government    authorities 
informed    me    recently    at    the    Defense 
Nutrition  Conference  that  sufficient  quan- 
tities  of   riboflavin   will   be   available  by 
January,    1942,    to    require    its    inclusion 
in   enriched    wheat   flour,    in    addition   to 
those     supplements    that     have     already 
been  approved. 

Riboflavin  also  becomes  phosphorylat- 
ed  to  form  a  co-enzyme  for  oxidase  sys- 
tems  necessary   for   normal   cellular  oxi- 
dations in  the  body.     Research  work  in 
the    poultry   field    has    shown    that    ribo- 
flavin is  a  necessary  ingredient  of  poul- 
try rations  and  plays  an  important  role 
in    growth    and   egg   production  and   in- 
creases    hatchability.       Cornell     workers 
have  shown  that  riboflavin  is  synthesized 
by  micro-organisms  in  the  droppings  fol- 
lowing  defecation,  but   there  is   no  evi- 
dence, they  state,  that   synthesis   occurs 
in  the  intestinal  tract  of  the  bird.     This 
is  difficult  to  understand. 

Sebrell  and  others  have  proved  con- 
clusivelv  that  riboflavin  is  necessary  for 
the  prevention  and  cure  of  sore  mouths 
(cheilosis),     characteristic     of     pellagra. 


acid  is  prnnarily  responsible  for  pre- 
venting and  curing  the  characteristic 
bilaterally  synnnetrical  skin  lesions  of 
pellagra. 

Another  fact  of  considerable  physio- 
logical interest  is  that  nicotinic  acid  (in 
phosphorylated  form)  also  forms  co- 
enzymes which  act  as  hydrogen  carri- 
ers in  bringing  about  normal  oxidation 
of  carbohydrates   in  living  tissue. 

ASCORBIC     ACID 

Ascorbic  acid  is  another  pure  crystal- 
line  product   of   known   chemical    struc- 
ture   which    is    now    produced    commer- 
cially in  quantity  at  low  cost.     Appar- 
ently,   it    can    be    synthesized    by    most 
species  of  animals,  with  the  exception  of 
a  few  species  such  as  man,  monkeys  and 
guinea    pigs.       Since     ascorbic     acid     is 
readily  and  reversibly   oxidized   and   re- 
duced, it  has  created  considerable  inter- 
est  as   a  possible   anti-oxidant,  thus   in- 
teresting the  food  and  feed  manufactur- 
er.    Professor  Dahle  and  his  associates 
at  Pennsylvania  State  College,  and  others 
in    other   laboratories,    have   shown    that 
they    have    been    able    to    prevent    "off- 
flavors"   in  milk  by  means   of   additions 
of  ascorbic  acid  to  the  milk. 

Dr.   Macy,  in   charge  of  the  nutrition 
work  of  the  Children's  Fund  of  Michigan 
at  Detroit,  has  a  unique  set-up  for  child 
feeding.      She    and    her   co-workers    sub- 
stantiate the  findings  of  Dr.   Hess  that 
ascorbic   acid   and   vitamin   C-rich   foods 
play   an   important   role   in    building  up 
resistance  to  colds.     Dr.  King,  of  Pitts- 
burgh,  contends   that   this   vitamin   is   a 
"decoxicator,"   building  up   resistance  to 
toxins    and   poisons    of   bacterial    origin. 
He   finds   that   youthful   tissues    are   in- 
variably   richer    in    ascorbic    acid    than 
similar    tissues    of    aged    people.      The 
mechanism  of  ascorbic  acid  synthesis  by 
certain    species    of    animals    is    still    an 
unsolved  problem.     Rations  high  in  dex- 
trin seem  to  cause  rats  to  excrete  greater 
amounts   of   ascorbic    acid,   but    no    clue 
regarding  the    synthetic   mechanism   has 
been  found. 


ANTI    GRAY    HAIR    FACTOR 

While  an  "anti-bald-headed"  vitamin  is 
still  being  sought  for  those  who  would 
like  to  grow  more  hair,  it  woidd  appear 
that  scientists  are  definitely  getting 
somewhere  in  their  researches  on  the 
"anti-gray  hair"  vitamin — and  many  sci- 
entific feed  workers  can  tell  university 
people  a  lot  of  things  regarding  this 
factor,  or  combination  of  factors. 

Agnes    Fay   Morgan   and    other   work- 
ers  have   shown   that   "graying"   can   be 
prevented    and    cured    by    the    so-called 
filtrate   factor   obtained    from   liver   and 
yeast.     Fractionation  of  the  extracts  has 
led  to  the  conclusion  that  a  number  of 
factors  may  be  involved.    Certainly,  pan- 
tothenic acid  appears  to  be  one  of  the 
factors.      Beautiful    silver    gray    fur    in 
black    (pied)    rats   can   be   produced   by 
feeding  pantothenic-acid-poor  diets,  and 
redeposition  of  normal  black  pigment  in 
the  hair  and  skin  can  be  caused  by  add- 
ing pantothenic  acid  to  the  diet.     There 
appear    to    be    other    factors,    however, 
that  affect  the  efficiency  of  the  pigmen- 
tation   and    depigmentation.      Ansbacher 
has      recently     ascribed     "anti-graying" 
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Recent  Developments  in  Vitamin  Research 

An  Address  Delivered  at  the  Convention  of  the  American  Feed  Manufacturers  Association 


By  DR.  R.  ADAMS  DUTCHER,  of  Pennsylvania  State  College 


1 


T    must    have   been    about    15    years  In  the  past  few  years,  a  better  under- 

since    I    first   became    familiar   with      standing  of  the  vitamin  content  of  nat- 
the  problems  and   objectives  of  the      ural  food  products,  and  the  factors  af- 


which  is,  in  reality,  a  multiple  deficiency 
disease. 


teed     manufacturing     industry.        Since 
that    lime,   I    have   had   an   opportunity, 
directly   and    indirectly,   to  have   consid- 
erable contact   with   feed   nianufacturers 
and    with    the   technical    men    associated 
with  the  feed  industry.     In  part,  my  in- 
terest has  been   from   a   research   stand- 
,),.int;  and  in  part,  from  the  standpoint 
,)t  training  stutlents  who  go  out  into  the 
feed   manufacturing   fields.     So   I    claim 
some  credit  for  having  played  a  part  in 
tlie    development   of    the   research    work 
that  has  been  done    (and  some  very  ex- 
cellent   rc'searcli    work    has   been    and   is 
iieing    done    by    the    indu.stry's    labora- 
tories) by  furnishing  some  of  the  younger 
men  who  are  nt)W  "going  i)laces"  in  the 
feed  research  field. 

I  even  claim  u  little  credit  for  giving 
Dr.  J.  E.  Hunter  an  opportunity  to  de- 
velop his  scientific  talents.  My  only 
re^rret  is  that  I  did  too  gwd  a  job.  He 
lell  me  for  the  industrial  field,  but  my 
loss  was  industry's  gain.  My  own  re- 
searcli  interests,  coupled  with  the  fact 
that  I  iiave  trained  these  young  men, 
leads  me  to  hope  that  I  am  not  going  to 
lose  complete  touch  with  the  technical 
workers  in  the  feed  industry  field. 

In  many  phases  of  nutrition  research, 
many  feed  laboratories  are  far  ahead  of 
university  laboratories.  Many  times  we 
swell  out  our  academic  chests  and  point 
to  new  discoveries,  only  to  learn  that 
smne  feed  laboratory  has  worked  out 
tliese  problems  months  ago. 

I  am  not  attempting  a  .scholarly  resume 
(if  all  phases  of  vitamin  research  in  this 
j)ai)er.  I  can  only  point  out  a  few  of 
the  recent  trends  that  have  been  of  spe- 
cial interest  to  me,  with  the  hope  that 
tliose  who  have  not  attempted  to  follt)W 
the  voluminous  literature  may  be  able  to 
obtain  .some  conception  of  the  general 
trends  as  viewed  by  an  academic  worker. 

HOME      GENERAL     OBSERVATIONS 

Probably  the  most  important  develop- 
ment,  and   certainly    the   m<»st    dramatic, 
has  been   the  part   that  modern   organic 
chemistry  has  played  in  the  major  feed 
nutrition   trends  of  the  past  few  years. 
N«>t  only  has  organic  chemistry  increased 
the    number    of    vitamins,    but    vitamins 
have   been   isolated    in    pure    form,   their 
.structure  has  been  determined,  and  many 
of    them    have   been    synthesized    in    the 
laboratory.      In    fact,   synthetic   vitamins 
are    now    manufactured    in    commercial 
quantities,  with  the  residtant  lowering  of 
cost  to  the  consumer  as  cost  of  produc- 
tion is  h)wered  and  quantity  ]»roducti(m 
increased.      This    not    only    concerns   the 
purified  vitamins,  the  .so-called  crystalline 
products,  but  also  applies  to  the  concen- 
trates that  have  been  developed  in  com- 
paratively recent  months. 

This  has  led  to  more  exact  experimen- 
tal work  of  the  biological  type.  Uncom- 
plicated deficiency  symptoms  can  be 
produced  and  cured.  This  information 
had  to  be  available  before  very  nmch 
progress  could  be  made.  Thus  has  evolved 
a  more  complete  knowledge  of  vitamin 
function.  In  addition,  the  existence  of 
pure  vitamins  has  made  it  possible  to 
create  chemical,  physical  and  bacterio- 
logical methods  of  assay,  partly  replac- 
ing tedious,  expensive  and  time-consum- 
ing assay  methods  with  experimental  ani- 
mal.s.  Nevertheless,  it  will  be  a  long 
time  before  animal  tests  can  be  com- 
pletely done  away  with. 

The  use  of  pure  cry.stalline  vitamins 
has  led  to  the  establishment  of  inter- 
national standards  for  vitamin  assay,  and 


mother,  in  order  that  the  newborn  will 

be  able  to  start  life  without  a  deficiency 

of  the  fat  soluble  vitamins. 

To  date,   the   synthesis   of   vitamin   A 

has   been   largely  a  matter  of   academic 

interest.      From   a   practical   standpoint, 

however,  Hickman  and  coworkers,  using 

microdistillation,  have  succeeded  in  dis- 
tilling fat  soluble  vitamin-containing  oils 
duced  by   special  fermentation   methods,      and   concentrating   such   vitamins   as   A,      30  years  later.    Evlehjem  and  co-workers 
products  of   micro-distillation,  and  con-      D   and   E   to   an   amazingly  high   degree      of  Wisconsin  are  responsible  for  the  dis- 
centrates    from   milk   whey,   fish    liquors      of  potency  and  purity.     Feed  manufac-      covery  that  nicotinic  acid  and  its  amide 


fecting  their  potency,  has  been  achieved. 
New  and  improved  vitamin-containing 
foods  are  becoming  available,  such  as  ir- 
radiated products,  dehydrated  natural 
products  of  high  potency,  special  yeast 
products,    riboflavin-rich    products    pro 


NICOTINIC    ACID 

Nicotinic  acid  is  a  simple  pyridine 
carboxylic  acid  and  has  been  known  since 
the  days  of  Casamir  Funk's  early  work. 
In  fact,  he  isolated  it,  but  discarded  it 
because  it  did  not  cure  beri-beri.  In 
other   words,   it  had  to  be   rediscovered 


and  various  types  of  natural  products. 

While  feed  and  food  manufacturers 
have  resorted  to  fortification  or  enrich- 
ment with  vitamins,  the  policy  has  not 
received  the  blessing  of  governmental  and 
medical  authorities  until  comparatively 
recently.  The  naticmal  defense  program 
and  les.sons  learned  in  Europe  have  done 
much  to  make  the  public  vitamin-con- 
scious. 

Last,  but  not  least,  alphabetical  desig- 
nations are  gradually  giving  way  to  such 
six-dollar  words  as  riboflavin,  pantothe- 
nic acid,  ascorbic  acid,  pyridoxine,  cal- 
ciferol and  activated  7-dehydrocholes- 
terol.  These  are  only  the  simplest  ones. 
There  are  between  30  and  35  factors 
discussed  in  the  run-of-the-mill  vitamin 
literature. 

VITAMIN  A 

The  discovery  that  certain  of  the  caro- 
tenoid  pigments,  specifically  beta  caro- 
tene, serve  as  pro-vitamins  or  precursors 
of  vitamin  A,  is  now  well  known.  This 
does  not  detract,  however,  from  the  dra- 
matic importance  of  the  discovery.  Re- 
searches of  even  greater  brilliance  have 
.shown    that    light    sen.sitivity    and    night 


turers  are  already  acquainted  with  this 
relatively  new  commercial  development. 

Evidence  has  accumulated  to  prove 
tiiat  two  forms  of  vitamin  A  exist,  name- 
ly, vitamin  A„  the  one  we  usually  think 
of  in  connection  with  marine  fish  liver 
oils;  and  vitamin  A„  which  seems  to  be 
characteristic  oi  fre-sh  water  fish.  The 
latter  differs  chemically  and  physically 
from  the  former. 

THIAMIN     (b,) 

Of  all  the  vitamins,  thiamin,  or  B„ 
is  the  "publicity  hound"  No.  1.  The 
primary  reason  for  this  lies  in  the  fact 
that  it  has  found  wide  u.se  in  clinical 
circles,  with  somewhat  dramatic  results. 
Owing  to  its  property  of  stinmlating  cer- 
tain types  of  biological  oxidations,  work 
of  the  type  done  at  the  Mayo  clinic  has 
shown  that  its  absence  results  in  low- 
ered vitality  and  inefficiency.  Adequate 
supplies  of  thiamin  resulted  in  greater 
enthusiasm  for  work  and  increa.sed  stam- 
ina. As  a  result,  it  has  been  hailed  as 
the  "morale  vitamin." 

Fundamentally,  its  clinical  and  physio- 
logical effects  go  back  to  the  discovery 
that   pyruvic   acid,   a   product  of   inter- 


blindness     are     usually     prevented     and      mediary  metabolism,  cannot  be  oxidized 


cured  by  ingestion  of  adequate  amounts 
of  carotene  and  vitamin  A.  Another  out- 
standing type  of  research  in  this  field, 
from  a  biochemist's  viewpoint,  was  that 
which  is  represented  by  the  work  of 
Wald,  Hecht  and  others,  leading  to  the 
discovery  of  the  mechanism  of  the  photo- 
chemical changes  in  normal  vision.  They 
have  shown  that  light  decomposes  visual 
purple  in  the  retina  of  the  eye,  forming 
visual  yellow  (retinene),  which,  with  pro- 
tein and  reserve  supplies  of  vitamin  A, 
again  regenerate  visual  purple.  There- 
fore, the  rate  of  regeneration  of  visual 
purple  is  a  rough  index  of  the  supply  of 
vitamin  A  and  of  the  ability  of  the  tissues 
to  utilize  it. 

The  news  recently  publicized  the  fact 
that  anny  physicians  have  observed  that 
Negroes  can  see  about  twice  as  well  in 
the  dark  as  white  soldiers.    The  possibil- 
ity   of    using    Negroes    as    night    truck 
drivers    is    interesting.     This    will   be    a 
100%  "blackout"  so  far  as  a  hitch-hiking 
white  rookie  is  concerned.     But  serious- 
ly, to  the  biochemist  and  the  student  of 
nutrition,  this   offers   a   most   intriguing 
research   problem.     Why  is   it   and  how 
is   it   that  the  Negro  can   see  better  in 
the  dark?    Is  it  a  question  of  his  vitamin 
A  storage?     Is  it  a  matter  of  the  effect 
of  light  on  the  skin?     Is  it  a  pigmenta- 
tion problem?    Certainly,  it  is  a  very  in- 
triguing problem. 

I  have  been  unable  to  find  any  evi- 
dence that  there  is  much  danger  of  over- 
dosage of  vitamin  A.  Vedder  and  Ro- 
senberg have  fed  as  much  as  100,000 
international  units  of  vitamin  A  daily 
without  ill  effects. 

Most  workers  agree  that  livers  of  new- 
born animals  and  infants  are  very  low 
in  vitamin  A.  This  has  been  shown  to 
be  true  for  several  species.  Apparently, 
the  placenta  does  not  permit  the  pas- 
sage of  fat  soluble  vitamins  to  the  foetus. 
If  it  does,  the  vitamins  must  be  destroyed 
to  the   adoption   of   the  so-called   inter-      after  they  have  been  stored.    Since  foetal 


are  curative  in  black  tongue  disease  of 
dogs.  This  disease  can  be  produced  on 
pellagragenic  diets;  that  is,  diets  that 
will  produce  pellagra  in  humans.  Spies 
and  others  have  shown  that  nicotinic 
acid  is  primarily  responsible  for  pre- 
venting and  curing  the  characteristic 
bilaterally  symmetrical  skin  lesions  of 
pellagra. 

Another  fact  of  con.siderable  physio- 
logical interest  is  that  nicotinic  acid  (in 
phosphorylated  form)  also  fonns  co- 
enzymes which  act  as  hydrogen  carri- 
ers in  bringing  about  normal  oxidation 
of  carbohydrates  in  living  tissue. 

ASCORBIC     ACID 

Ascorbic  acid  is  another  pure  crystal- 
line product  of  known  chemical  struc- 
ture which  is  now  produced  commer- 
cially in  quantity  at  low  cost.  Appar- 
ently, it  can  be  synthesized  by  most 
species  of  animals,  with  the  exception  of 
a  few  species  such  as  man,  monkeys  and 
guinea  pigs.  Since  ascorbic  acid  is 
readily  and  reversibly  oxidized  and  re- 
duced, it  has  created  considerable  inter- 
est as  a  possible  anti-oxidant,  thus  in- 
terestingr  the  food  and  feed  manufactur- 
er. Professor  Dahle  and  his  associates 
at  Pennsylvania  State  College,  and  others 
in  other  laboratories,  have  shown  that 
they  have  been  able  to  prevent  "off- 
flavors"  in  milk  by  means  of  additions 
of  ascorbic  acid  to  the  milk. 

Dr.  Macy,  in  charge  of  the  nutrition 
work  of  the  Children's  Fund  of  Michigan 
at  Detroit,  has  a  unique  set-up  for  child 
feeding.  She  and  her  co-workers  sub- 
stantiate the  findings  of  Dr.  Hess  that 
ascorbic  acid  and  vitamin  C-rich  foods 
play  an  important  role  in  building  up 
resistance  to  colds.  Dr.  King,  of  Pitts- 
burgh,  contends   that   this   vitamin   is   a 


unless  co-carboxylase  is  present.  Co- 
carboxylase  is  a  chemical  ester  of  thia- 
min and  pyrophosphoric  acid.  Without 
B„  co-carboxylase  cannot  be  synthesized. 
When  vitamin  B,-depleted  rats  are  in- 
jected with  thiamin  hydrochloride,  co- 
carboxylase  is  synthesized  in  the  liver 
and  kidney  almost  immediately. 

Medical  authorities  are  reporting  al- 
most dramatic  results  in  the  use  of  thia- 
min in  certain  types  of  nervous  disor- 
ders, and  vitamin  B,  is  a  standard  rem- 
edy for  patients  afflicted  with  alcoholic 
polyneuritis.  Briti.sh  physicians  are  ad- 
vocating  thiamin    for   civilians   who   are      "decoxicator,"   building  up   resistance  to 


national  units  of  measurement  for  sev- 
eral of  the  vitamins.  This,  in  turn,  has 
made  it  possible  to  establish  minimum 
vitamin  requirements  for  various  species 
of  animals,  including  man.  At  least,  this 
problem  has  been  approached  with  great- 
er confidence. 


blood  is  lower  in  vitamin  A  than  the 
blood  of  the  mother,  it  would  appear 
that  the  "placental  barrier  theory"  is 
probably  correct.  This  points  to  the 
necessity  of  insuring  adequate  amounts 
of  the  fat  .soluble  vitamins,  particularly 
vitamin   A,  in  the  diet  of   the  lactating 


undergoing    the    nerve-shattering   ordeal 
of  continuous  bombing. 

RIBOFLAVIN 

Riboflavin  is  one  of  the  fractions  of 
what  was  originally  called  vitamin  B,. 
It  is  a  yellow  fluorescent  pigment  found 
in  nuiny  natural  food  product.s,  particu- 
larly in  milk,  liver  and  yeast.  It  has 
also  been  synthesized  in  the  laboratory, 
and  the  synthetic  product  threatens  to  be 
a  serious  competitor  of  those  now  made 
by  fermentation  or  by  extraction  of  nat- 
ural products.  Government  authorities 
informed  me  recently  at  the  Defense 
Nutrition  Conference  that  sufficient  quan- 
tities of  riboflavin  will  be  available  by 
January,  1942,  to  require  its  inclusion 
in  enriched  wheat  flour,  in  addition  to 
th<)se  supplements  that  have  already 
been  approved. 

Riboflavin  also  becomes  phosphorylat- 
ed to  form  a  co-enzyme  for  oxidase  sys- 
tems necessary  for  nonnal  cellular  oxi- 
dations in  the  body.  Research  work  in 
the  poultry  field  has  shown  that  ribo- 
flavin is  a  necessary  ingredient  of  poul- 
try rations  and  plays  an  important  role 
in  growth  and  egg  production  and  in- 
creases hatchability.  Cornell  workers 
have  shown  that  riboflavin  is  synthesized 
by  micro-organisms  in  the  droppings  fol- 
lowing defecation,  but  there  is  no  evi- 
dence, they  state,  that  synthesis  occurs 
in  the  intestinal  tract  of  the  bird.  This 
is  difficult  to  understand. 

Sebrell  and  others  have  proved  con- 
clusively that  riboflavin  is  necessary  for 
the  prevention  and  cure  of  sore  mouths 
(cheilosis),     characteri.stic     of     pellagra. 


toxins  and  poisons  of  bacterial  origin. 
He  finds  that  youthful  tissues  are  in- 
variably richer  in  a.scorbic  acid  than 
similar  tissues  of  aged  people.  The 
mechanism  of  ascorbic  acid  .synthesis  by 
certain  species  of  animals  is  still  an 
unsolved  problem.  Rations  high  in  dex- 
trin seem  to  cause  rats  to  excrete  greater 
amounts  of  ascorbic  acid,  but  no  clue 
regarding  the  synthetic  mechanism  has 
been  found. 

ANTI    ORAY    HAIR    FACTOR 

While  an  "anti-bald-headed"  vitamin  is 
still  being  sought  for  those  who  would 
like  to  grow  more  hair,  it  would  appear 
that  scientists  are  definitely  getting 
somewhere  in  their  researches  on  the 
"anti-gray  hair"  vitamin — and  many  sci- 
entific feed  workers  can  tell  university 
people  a  lot  of  things  regarding  this 
factor,  or  combination  of  factors. 

Agnes  Fay  Morgan  and  other  work- 
ers have  shown  that  "graying"  can  be 
prevented  and  cured  by  the  so-called 
filtrate  factor  obtained  from  liver  and 
yeast.  Fractionation  of  the  extracts  has 
led  to  the  conclusion  that  a  number  of 
factors  may  be  involved.  Certainly,  pan- 
tothenic acid  appears  to  be  one  of  the 
factors.  Beautiful  silver  gray  fur  in 
black  (pied)  rats  can  be  produced  by 
feeding  pantothenic-acid-poor  diets,  and 
redeposition  of  normal  black  pigment  in 
the  hair  and  skin  can  be  caused  by  add- 
ing pantothenic  acid  to  the  diet.  There 
appear  to  be  other  factors,  however, 
that  affect  the  efficiency  of  the  pigmen- 
tation and  depigmentation.  Ansbacher 
has      recently     ascribed     "anti-graying" 


power  to  a  pure  chemical  compound, 
para  amino  benzoic  acid,  but  his  results 
as    yet    have    not    been    confirmed    by 

others. 

Vitamin  B„,  pyridoxine,  is  now  obtain- 
able in  crystalline  form,  and  its  chem- 
ical formula  can  be  written.  While  it  is 
known  as  the  anti-acrodynia  factor,  it  is 
not  of  sufficient  practical  importance  at 
present  to  devote  much  time  to  it. 

OTHER   FACTORS 

Alpha  tocopherol,  an  alcohol,  is  also 
known  as  vitamin  E.  It  can  be  manu- 
factured in  quantity  by  microdistilla- 
tion  and  seems  to  function  other  than  as 
.•m  "anti-sterility"  vitamin.  Apparently, 
it  plays  an  important  role  in  preventing 
and  curing  certain  types  of  muscular 
dystrophy  and  lias  been  described  as  pre- 
venting encephalomalacia  in  "crazy 
chicks."  Its  clinical  value  is  still  open 
to  question. 

Vitamin  D  research  has  shown  no  pro- 
nounced trends  in  past  months  other 
than  the  tendency  to  show  increased  in- 
terest in  activated  7-dehydrocholesterol 
as  a  commercial  source  of  vitamin  D  for 
food  fortification.  With  the  exception 
of  poultry,  activated  ergosterol  and  nat- 
ural vitamin  D  seem  to  compare  quite 
faorably  f(>r  all  i)ractical  purposes  and 
can  be  used  more  or  less  interchange- 
ably. 

The  chemistry  of  vitamin  K,  the  anti- 
heiiiorrhagic  vitamin,  has  been  worked 
out  and  a  number  of  related  compounds 
have  been  found  to  j)romote  prothrombin 
formation  and  hasten  blood  clotting. 
Clinical  applications  c(mtinue  to  apj)ear 
in  the  medical  literature,  and  a  water 
soluble  form  of  vitamin  K  has  been 
described  which  can  now  be  injected  into 
the  blood  stream.  Apparently,  alfalfa 
leaf  meal  and  putrefying  fish  coritinue 
to  he  the  principal  sources  of  the  K 
vitamins,  of  which  there  are  two,  K,  and 
K,. 

Discussion  of  grass  juice  factors,  giz- 
zard erosion  factors,  factors  U,  W  and 
H,  lactation  factors,  etc.,  will  be  omit- 
ted here  because  chemists  know  very  lit- 
tle about  them. 

MISCELLANEOUS    WIOBLBMS 

Since  I  have  devoted  considerable  time 
in  past  years  to  dairy  and  livestock  prob- 
lems, I  have  attempted  to  follow  cer- 
tain tyi)es  of  researches  that  are  related 
to  these  fields. 

Dr.  Kon  and  co-workers  in  England 
at  the  National  Dairy  Research  Insti- 
tute have  probably  done  the  most  com- 
l)rei)ensive  work  on  factors  affecting  the 
vitamin  content  of  milk.  They  have  re- 
cently restudied  the  eflfect  of  heating 
and  processing  of  milk.  They  have  de- 
scribed experiments  in  which  milk  was 
flash-heated  at  160°  F.,  homogenized,  au- 
toclaved  at  212°  F.,  the  bottles  closed 
and  the  heating  continued  to  230°  F., 
and  cooled,  giving  the  milk  plenty  of 
j)unishment.  They  concluded  that  such 
treatment  did  not  reduce  digestibility, 
but  they  felt  that  the  biological  value  of 
the  j)roteins  had  been  reduced  about 
6%.  Carotene  was  not  affected  (this 
agrees  with  our  own  work)  and  storage 
seemed  to  have  no  deleterious  effect  on 
the  A  potency.  I5„  or  thiamin,  how- 
ever, was  partly  destroyed.  Pasteuriza- 
tion destroyed  but  10%  of  the  thiamin, 
wintf    -^feriMr-ntif^n    accoimtcfl    for    about 


value  of  raw  versus  pasteurized  milk. 
Their  work  with  calves  and  human  beings 
agrees  with  most  other  work  of  similar 
nature;  namely,  that  no  outstanding  dif- 
ferences can  be  noted  from  a  practical 
standpoint. 

The  effect  of  diet  on  the  nutritive 
value  of  milk  continues  to  hold  the  at- 
tention of  many  workers,  including  our- 
selves, at  Pennsylvania  State  College.  It 
is  now  well  established  that  the  vitamin 
A  potency  of  milk  is  related  directly  to 
the  carotene  content  of  the  ration.  Vari- 
ous laboratories  over  the  country  have 
shown  that  the  "pigmented  breeds,"  or 
Jerseys  and  Guernseys,  can  be  made  to 
])roduce  practically  colorless  butterfat  if 
fed  for  a  sufficient  length  of  time  on  a 
carotene-free  diet.  It  was  concluded 
many  years  ago  that  the  so-called  pig- 
mented breeds  are,  in  a  sense,  patho- 
logical, going  through  life  with  incipient 
carotinemia,  such  as  human  beings  oc- 
casionally experience.  In  other  words, 
the  Jersey  and  the  Guernsey  are  less 
efficient  as  "carotene  converters."  The 
j)oorer  pigmenters,  like  the  Holsteins 
and  Ayrshircs,  may  and  often  do  eat 
more  carotene  per  day,  yet  they  invari- 
ably store  and  excrete  less  carotene.  Our 
work  shows  that  the  Holstein  is  a  better 
converter  of  carotene.  As  a  result,  the 
Holstein  stores  and  excretes  a  greater 
amount  of  the  more  or  less  colorless 
sterol,  vitamin  A,  and  less  of  the  orange 
yellow  hydrocarbon  pigment,  carotene. 
Gram  for  gram  and  pound  for  pound, 
butterfats  from  all  these  breeds  dis- 
play about  the  same  total  biological 
vitamin  A  potency  when  fed  to  animals. 
Therefore,  butterfats  from  pigmented 
breeds  are  richer  in  untransformed  caro- 
tene and  poorer  in  the  transformed  vita- 
min A.  Conversely,  the  less  pigmented 
breeds  yield  butterfats  with  less  carotene 
but  more  vitamin  A.  This  means  that 
the  unstandardized  milks  rich  in  butter- 
fat  will  contain  more  vitamin  A  units 
or  potency  per  quart  than  low-fat  milks, 
j)roviding  the  cows  are  fed  the  same 
ration. 

Of  all  the  carotenoid  pigments  in  feeds, 
the  prevailing  pigment  which  passes  into 
the  butterfat  is  beta  carotene.  If  car- 
rots are  fed  to  cows  in  quantity,  alpha 
carotene  is  also  found  in  the  fat.  It  is 
interesting  to  note  that  the  red  pigment, 
lycopene,  found  in  tomatoes,  cannot  pass 
into  the  butterfat.  This  red  pigment  is 
an  isomeric  hydrocarbon  very  similar  in 
structure  to  carotene.  Apparently,  the 
cow  has  no  mechanism  whereby  she  can 
convey  this  lycopene  to  milk.  Where 
the  barrier  is  and  how  lycopene  is  se- 
lectively excluded,  are  not  known. 

Hauge  and  his  co-workers  at  Purdue 
state  that  the  cow  must  receive  more 
than  500,000  units  of  vitamin  A  (as  caro- 
tene) per  day  in  order  to  produce  a 
butterfat  of  maximum  A  potency.  These 
workers  have  also  called  attention  to  the 
existence  of  a  substance  in  soybeans 
which  prevents  transference  of  vitamin 
A  from  the  feed  to  the  milk.  They  be- 
lieve the  substance  is  thermostable  and 
that  it  can  be  removed  by  adsorption 
(m  Nuchar.  It  is  said  to  be  present  in 
both  the  bean  and  the  oil.  This  work 
will,  of  course,  have  to  be  confirmed  be- 
fore it  is  definitely  accepted. 

The  question  of  iodized  milks  appears 
in  hcicntific  literature  from  time  to  thiic. 


complex  in  the  rumen  of  the  dairy  cow 
by  micro-organisms.  Hunt,  with  more 
recent  and  refined  techniques,  has  found 
that  riboflavin  is  synthesized  in  the 
rumen  of  the  cow  in  appreciable  quanti- 
ties. This  has  been  our  feeling  ever 
since  riboflavin  was  recognized,  because 
our  synthetic  organism  was  a  yellow 
pigmenter,  which  Professor  Knutsen 
named   "flavo-bacterium  vitarumen." 

Hunt  doubts  whether  vitamin  Bi  is 
synthesized  in  the  cow's  rumen,  while 
McEIroy  and  Goss  of  California  believe 
they  have  proved  it  to  be  synthesized  in 
the  rumen  of  sheep.  These  workers  could 
not  prove  that  it  is  synthesized  in  the 
cow's  rumen,  although  the  milk  con- 
tained normal  quantities.  A  non-fistu- 
lated  cow  did  have  thiamin  in  the  rumen 
and  they  ccmclude,  as  we  at  Pennsylvania 
did,  that  B,  is  probably  not  a  dietary 
essential  for  ruminants,  so  far  as  the 
feed  is  concerned.  Recently,  Hart,  El- 
vehjem  and  others  have  advanced  evi- 
dence to  show  that  thiamin,  riboflavin, 
nicotinic  acid,  pyridoxine  (Be),  panto- 
thenic acid,  biotin  and  vitamin  K  are 
all   synthesized  in  the  rumen. 

Kon  of  England  maintains  that  sprout- 
ed corn  caused  increased  excretion  of 
ascorbic  acid  (vitamin  C)  in  cows'  milk. 
As  early  as  1919,  our  laboratory,  as  well 
as  those  of  Hart  at  Wisconsin  and  Hess 
and  Supplee  in  New  York,  drew  similar 
ccmclusions  regarding  the  effect  of  the 
vitamin  C  content  of  the  ration  on  the 
vitamin  C  content  of  the  milk.  In  the 
intervening  years,  many  laboratories, 
started  by  the  work  of  Hughes  at  Kan- 
sas, have  questioned  the  ability  of  the 
ration  to  change  the  vitamin  C  content 
of  milk  appreciably.  Holmes,  in  a  re- 
cent paper,  finds  seasonal  fluctuations  in 
the  ascorbic  acid  content  of  milk,  but 
doubts  whether  diet  or  period  of  lacta- 
ti<m   have  much   effect. 

We  at  Pennsylvania  have  restudied  the 
question  recently,  using  chemical  estima- 
tions of  ascorbic  acid,  and  the  old  work 
of  20  years  ago  is,  of  course,  open  to 
question,  since  guinea  pigs  were  evi- 
dently responding  to  milk  vitamins  which 
at  that  time  had  not  been  discovered. 
Recently,  we  restudied  the  whole  situa- 
tion. 

Our  first  problem,  of  course,  was  the 
collection  of  milk,  blood  and  urine  in 
order  to  find  out  how  to  estimate  the 
ascorbic  acid  accurately.  We  finally 
satisfied  ourselves  on  the  ascorbic  acid 
detennination  in  blood,  milk  and  urine, 
using  the  dye  titration  method,  and  the 
Roe  furfuraldehyde  method. 

We  used  only  Holstein  cows,  to  elim- 
inate any  variations  due  to  breed,  and 
we  fed  the  largest  doses  of  ascorbic  acid 
or  vitamin  C  that  have  ever  been  re- 
corded. We  have  fed  as  high  as  4,000,000 
international  units  per  day,  or  nearly 
Vz  lb  of  ascorbic  acid  in  pure  crystalline 
form.  Of  course,  we  couldn't  inject  that 
much,  but  we  have  injected  as  much  as 
1,000,000  units  per  day. 

We  administered  the  ascorbic  acid  to 
cows  in  five  different  ways:  (1)  by  feed- 
ing with  small  amounts  of  corn  silage, 
(2)  by  drenching  from  a  bottle,  (3)  by 
intravenous  injection,  (4)  by  subcutane- 
ous injection,  and  (5)  with  gelatin  cap- 
sules. 

We  were  unable  to  find  an  increase 
in  the  ascorbii 


tained  in  the  rumen,  except  that  the  de- 
struction time  was  a  little  longer.  Body 
temperature  and  aeration  through  t!ie 
churning  of  the  rumen  contents  had  much 
to  do  with  the  destruction. 

We  are  now  studying  the  mechanism  of 
this  destruction  in  the  rumen.  Also,  we 
have  evidence  that  the  cow  is  capable 
of  synthesizing  vitamin  C. 

We  are  also  planning  some  long-tune 
experiments  on  vitamin  C-free  diets,  to 
see  just  how  far  we  can  go  in  reducing 
the  ascorbic  acid  content  of  milk  by 
feeding.  We  have  evidence  that  we  can 
go  as  low  as  15  milligrams  per  quart 
and  as  high  as  30  milligrams  per  quart 
by  feeding,  but  we  do  not  yet  know  if 
these  are  the  absolute  limits. 

Whitnah  and  Ridell  at  Kansas  state 
that  they  are  able  to  obtain  increases  in 
blood  ascorbic  acid  by  feeding  fresh 
rye.  We  want  to  repeat  their  work  and 
compare  it  with  the  various  sources  of 
ascorbic  acid. 

We  have  been  interested  in  the  last 
three  or  four  years  in  the  effect  of  ex- 
ercise on  vitamin  requirement.  We  have 
divided  our  rats  into  three  groups:  one 
group  gets  no  exercise,  another  group  is 
permitted  to  exercise  voluntarily,  and 
yet  another  group  is  forced  to  exercise 
by  having  the  rotor  run  by  a  motor 
at  the  rate  of  about  1,000  revolutions  per 
day. 

Briefly,  we  found  that  the  fat,  lazy 
rats  that  got  no  exercise  came  down 
with  vitamin  A  deficiency  faster  than 
those  that  were  forced  to  exercise  or 
which  exercised  voluntarily.  We  also 
found  that  the  exercised  rats  had  better 
intestinal  motility  as  measured  by  num- 
ber and  size  of  fecal  pellets. 

The  work  done  by  Dr.  Hunter  and 
co-workers  on  the  vitamin  requirements 
of  poultry,  as  well  as  by  Bechdel  and 
co-workers  on  the  vitamin  D  require- 
ments of  dairy  cattle  and  that  of  Guil- 
bert  and  Hart  on  the  vitamin  require- 
ments of  horses  and  other  forms  of  live- 
stock, is  very  important  and  should  be 
continued.  Further  data  must  also  be 
obtained  relative  to  the  vitamin  require- 
ments of  human  beings  in  health  and 
disease. 

Twenty  years  ago,  one  of  my  students 
decided  to  go  into  another  field  of  work 
because  he  thought  that  all  vitamin  prob- 
lems had  been  solved.  Since  that  time 
the  whole  vitamin  field  has  undergone 
unbelievable  transformations.  With  .iJ. 
the  knowledge  we  have  to  date,  the  field 
is  hardly  scratched.  Each  new  discov- 
ery opens  up  hundreds  of  new  problems. 

I  appeal  to  the  executive  officers  of 
the  various  industrial  laboratories  to  do 
everything  in  their  power  to  encourage 
research  work  and  to  finance  adequately 
the  research  programs  outlined  by  the 
research  staff,  for  they  have  opportunity 
to  study  problems  that  are  seldom  at- 
tacked by  university  workers  because  of 
lack  of  funds  and  physical  facilities. 
They  are  doing  a  fine  job  in  this  regard, 
but  I  ask  them  to  go  still  farther  in 
the  development  of  their  reserach  pro- 
gram. It  will  pay  in  satisfaction,  as  well 
as  in  dollars  and  cents. 

Here  is  some  doggerel  which  I  have 
written  to  summarize  the  vitamin  situa- 
tion to  date: 

Vifrtmina  Go  to  Coll< 


Vi^an.in  D  research  has  ^^-wn  no  pro 
nou.iced    trends    in    past    n.onths    other 
ttm  t)>e  tendency  to  show  increased  m- 

i^t  ;    activated    T-dehydrocholester. 
Is  a  conimercial  source  of  vitanun  D  for 

;,Hl  fortification.  With  the  exception 
1  poultry,  activated  ergosterol  and  nat- 
ural vitan.in  D  seen,  to  compare  quite 
f,orai,ly  for  all  practical  purposes  and 
;,,,   be   used   more   or    less   mterchange- 

"^'Se  chen.istrv  of  vitamin  K,  the  anti- 
l,emorrhagic  vitamin,  has  heen  worked 
,ut  and  a  nun.ber  of  related  compounds 
l,,ve  been  found  to  promote  prothrombm 
fonnation  and  hasten  blood  clottmg. 
Clinical  applications  ccmtinue  to  appear 
i„  the  medical  literature,  and  a  water 
soluhh.  form  of  vitannn  K  has  been 
.Inscribed  which  can  now  be  injected  in  o 
I,,,,  blood  stream.  Apparently,  altalta 
I,af  meal  and  putrefying  f\sh  continue 
to  he  the  principal  sources  of  the  K 
vilaniins,  of  which  there  are  two,  K,  and 

Discussion  of  grass  juice  factors,  giz- 
zard erosion  factors,  factors  U,  W  and 
H,  lactation  factors,  etc.,  will  be  onnt- 
\vd  here  because  chemists  know  very  lit- 
tle about  them. 

MISCELLANEOUS    PROBLEMS 

Since  I  have  devoted  considerable  time 
i„  past  years  to  dairy  and  livestock  prob- 
l,.nis,  I  have  attempted  to  follow  cer- 
tain types  of  researches  that  are  related 

to  these  fields. 

Dr.    Kon    and   co-workers   in    England 
at   the    National    Dairy    Research    Insti- 
tute have  probably   done  the  most  com- 
prehensive work  on  factors  affecting  the 
vitamin  content  of  milk.     They  have  re- 
cently   restudied    the    eifect    of    heating 
and  processing  of  milk.     They  have  de- 
scribed   experiments   in    which   milk   was 
flash-heated  at  1«0°  F.,  homogenized,  au- 
toclaved   at   212°    F.,   the   bottles   closed 
and   the   heating   continued    to   230°    F., 
and   cooled,    giving    the    milk   plenty    of 
punishment.     They   concluded  that    such 
treatment    did    not    reduce    digestibility, 
but  they  felt  that  the  biological  value  of 
the    i)roteins    had    been    reduced    about 
G%.      Carotene    was    not    affected    (this* 
agrees  with  our  own  work)   and  storage 
seemed  to  have  no  deleterious  effect  on 
the    A    potency.     B„    or    thiamin,    how- 
ever, was  partly  destroyed.     Pasteuriza- 
tion destroyed  but   10%  of  the  thiamin, 
while    sterilization    accounted    for    about 
50%.     Uiboflavin  was  found  to  be  quite 
stable  and  was  not  affected  appreciably. 
Vitamin    C    losses,    on    the    other    hand, 
amounted   to   as  much   as  40%,  and  the 
losses  seemed  to  continue  during  storage. 
Drying    of    milk   was   less   destructive 
of   tliiamin    than    the   evajwration,   while 
vitamin  A  potency  of  milks  stood  up  well 
under  both  methods  of  processing.    Spray 
drying   was  less   destructive   of   vitamin 
C  than  roller  drying,  the  percentages  of 
loss   being   20%    and   30%,   respectively. 
Sterilized  evaporated  milks  contained  less 
vitamin  C  than  dried  milks.    This  is  due, 
in  all  probability,  to  the  fact  that  cop- 
per pans  were  used.    It  has  been  my  ex- 
perience that  heat,  properly  applied,  in 
the  absence  of  oxygen  and  copper,  leads 
to    satisfactory    preservation    of    vitamin 
C  in  milk.     Light  is  also  harmful  in  the 
presence    of    certain    catalysts,    one    of 
which  may  be  riboflavin. 

Kon  and  his  co-workers  have  also  re- 
studied  the  old  question  of  the  nutritive 


casionallv   experience.      In    other    words, 
the    Jers'ey    and    the   Guernsey   are    less 
efficient    as   '^carotene   converters."     The 
poorer    pigmenters,    like    the    Holsteins 
and    Avrshires,    may    and    often    do   eat 
more  carotene  per  day,  yet  they  invari- 
ably store  and  excrete  less  carotene.    Our 
work  shows  that  the  Holstein  is  a  better 
converter  of  carotene.     As  a  result,  the 
Holstein    stores    and   excretes   a   greater 
amount    of    the    more    or    less    colorless 
sterol,  vitamin  A,  and  less  of  the  orange 
yellow    hydrocarbon    pigment,    carotene. 
Gram   for   gram   and  pound   for   pound, 
butterfats    from    all    these    breeds    dis- 
play   about    the    same    total    biological 
vitamin  A  potency  when  fed  to  animals. 
Therefore,    butterfats     from     pigmented 
breeds  are  richer  in  untransformed  caro- 
tene and  poorer  in  the  transformed  vita- 
min A.     Conversely,  the  less  pigmented 
breeds  yield  butterfats  with  less  carotene 
])ut  mJre  vitamin   A.     This  means  that 
the  unstandardized  milks  rich  in  butter- 
fat   will   contain   more   vitamin    A   units 
or  potency  per  quart  than  low-fat  milks, 
])roviding    the    cows    are    fed   the    same 

ration. 

Of  all  the  carotenoitl  pigments  in  feeds, 
the  prevailing  pigment  which  passes  into 
the  butterfat  is  beta  carotene.     If  car- 
rots are  fed  to  cows  in  quantity,  alpha 
carotene  is  also  found  in  the  fat.     It  is 
interesting  to  note  that  the  red  pigment, 
lycopene,  found  in  tomatoes,  cannot  pass 
into  the  butterfat.     This  red  pigment  is 
an  isomeric  hydrocarbon  very  similar  in 
structure  to  carotene.     Apparently,  the 
cow  has  no  mechanism  whereby  she  can 
convey    this   lycopene    to    milk.      Where 
the  barrier   is   and  how   lycopene  is   se- 
lectively excluded,  are  not  known. 

Hauge  and  his  co-workers   at  I'urdue 
state   that    the   cow  must    receive   more 
than  500,000  units  of  vitamin  A  (as  caro- 
tene)   per   day    in    order  to   produce    a 
butterfat  of  maximum  A  potency.    These 
workers  have  also  called  attention  to  the 
existence    of    a    substance    in    soybeans 
which   prevents   transference  of   vitamin 
A  from  the  feed  to  the  milk.     They  be- 
lieve the   substance  is  thermostable   and 
that   it   can    be    removed   by    adsorption 
on  Nuchar.     It  is  said  to  be  present  in 
both   the  bean   and  the  oil.     This  work 
will,  of  course,  have  to  be  confirmed  be- 
fore it  is  definitely  accepted. 

The  question  of  iodized  milks  appears 
in  scientific  literature  from  time  to  time. 
A  recent  paper  from  Oliio  by  Mathews, 
Curtis  and  Meyers  states  that  the  feed- 
ing of  potassium  iodide  increased  the 
iodine  content  of  milk  from  7  to  26 
times  that  of  ordinary  milk. 

The  riboflavin  content  of  milk  is  a  live 
question  at  present.    Sharp  and  co-work- 
ers at  Cornell  feel  that  riboflavin  can  be 
increased  to  3.5  milligrams  per  liter  by 
feeding.     Others  doubt  whether  this  can 
be    done.      Whitnah    and    co-workers    at 
Kansas    believe    that    breed    differences 
exist,  ranging  from   1.17  milligrams  per 
liter  in  Ayrshire  milk  to  1.73  milligrams 
per  liter  in  Jersey  milk.     Sharp  reports 
an  average  of  2  milligrams  per  liter  in 
the  Cornell  dairy  herd.     So  far   as  our 
own    dairy   herd    is    concerned,    we    find 
about    1.5    milligrams    of    riboflavin    per 

quart. 

Dr.  Hunt  and  his  group  at  Ohio,  and 
others,  have  confirmed  our  early  work, 
with  Dr.  Bechdel,  of  several  years  ago, 
relative  to  the  synthesis  of  the  vitamin  B 


dence  to  show  that  thiamin,  riboflavin, 
nicotinic  acid,  pyridoxine  (Bo),  panto- 
thenic acid,  biotin  and  vitamin  K  are 
all   synthesized  in  the  rumen. 

Kon  of  England  maintains  that  sprout- 
ed  corn    caused    increased    excretion    of 
ascorbic  acid  (vitamin  C)  in  cows'  milk. 
As  early  as  1919,  our  laboratory,  as  well 
as  those  of  Hart  at  Wisconsin  and  Hess 
and  Supplee  in  New  York,  drew  similar 
conclusions    regarding   the   effect   of   the 
vitamin  C  content  of  the   ration  on  the 
vitamin  C  content  of  the  milk.     In   the 
intervening     years,     many     laboratories, 
started  by  the  work  of  Hughes  at  Kan- 
sas, have   questioned   the   ability   of   the 
ration  to  change  the  vitamin  C  content 
of   milk  appreciably.     Holmes,   in   a   re- 
cent paper,  finds  seasonal  fluctuations  in 
the    ascorbic    acid    content   of  milk,   but 
doubts  whether  diet  or  period  of  lacta- 
tion have  nmch   effect. 

We  at  Pennsylvania  have  restudied  the 
question  recently,  using  chemical  esthna- 
tions  of  ascorbic  acid,  and  the  old  work 
of  20  years  ago  is,  of  course,  open  to 
question,  since  guinea  pigs  were  evi- 
dently responding  to  milk  vitamins  which 
at  that  time  had  not  been  discovered. 
Recently,  we  restudied  the  whole  situa- 
tion. 

Our  first  problem,  of  course,  was  the 
collection  of  milk,  blood  and  urine  in 
order  to  find  out  how  to  estimate  the 
ascorbic  acid  accurately.  We  finally 
satisfied  ourselves  on  the  ascorbic  acid 
determination  in  blood,  milk  and  urine, 
using  the  dye  titration  method,  and  the 
Hoe  furfuraldehyde  method. 

We  used  only  Holstein  cows,  to  elim- 
inate any  variations  due  to  breed,  and 
we  fed  the  largest  doses  of  ascorbic  acid 
or  vitamin  C  that  have  ever  been  re- 
corded. We  have  fed  as  high  as  4,000,000 
international  units  per  day,  or  nearly 
V2  lb  of  ascorbic  acid  in  pure  crystalline 
form.  Of  course,  we  couldn't  inject  that 
much,  but  we  have  injected  as  much  as 
1,000,000  units  per  day. 

We  administered  the  ascorbic  acid  to 
cows  in  five  different  ways:  (1)  by  feed- 
ing with  small  amounts  of  corn  silage, 
(2)  by  drenching  from  a  bottle,  (3)  by 
intravenous  injection,  (4)  by  subcutane- 
ous injection,  and  (5)  with  gelatin  cap- 
sules. 

We  were  unable  to  find  an  increase 
in  the  ascorbic  acid  content  of  the  blood, 
the  milk  or  the  urine  by  feeding  meth- 
ods. When  we  injected  ascorbic  acid 
subcutaneously  and  intravenously,  we  got 
a  slight  increase  of  ascorbic  acid  in  the 
blood  and  we  observed  an  increased  out- 
put in  urine  and  milk.  We  could  ac- 
count, in  some  of  the  experiments,  for 
as  high  as  90%  of  the  total  ascorbic  acid 
injected.  However,  by  the  gelatin  cap- 
sule method,  we  got  the  same  results  as 
we  did  by  the  other  feeding  methods. 
The  question  arises:  Where  is  it  going 
and  where  was  it  destroyed? 

We  produced  a  rumen  fistula  and 
studied  the  question  with  the  opportunity 
of  taking  samples  from  the  rumen.  We 
found  that  vitamin  C  is  very  rapidly  de- 
stroyed in  the  rumen.  We  then  removed 
the  rumen  contents  and  put  them  in 
beakers  and  studied  the  speed  of  ascorbic 
acid  destruction  in  vivo  as  well  as  in 
vitro.  We  added  known  quantities  of 
ascorbic  acid  to  the  beakers,  and  got 
practically  the  same  results  as  were  ob- 


We  have  been  interested  in  the  last 
three  or  four  years  in  the  effect  of  ex- 
ercise on  vitamin  requirement.  We  have 
divided  our  rats  into  three  groups:  one 
group  gets  no  exercise,  another  group  is 
j>ermitted  to  exercise  voluntarily,  and 
yet  another  group  is  forced  to  exercise 
by  having  the  rotor  run  by  a  motor 
at  the  rate  of  about  1,000  revolutions  per 
day. 

Briefly,  we  found  that  the  fat,  lazy 
rats  that  got  no  exercise  came  down 
with  vitamin  A  deficiency  faster  than 
those  that  were  forced  to  exercise  or 
which  exercised  voluntarily.  We  also 
found  that  the  exercised  rats  had  better 
intestinal  motility  as  measured  by  num- 
ber and  size  of  fecal  pellets. 

The  work  done  by  Dr.  Hunter  and 
co-workers  on  the  vitamin  requirements 
of  poultry,  as  well  as  by  Bechdel  and 
co-workers  on  the  vitamin  D  require- 
ments of  dairy  cattle  and  that  of  Guil- 
bert  and  Hart  on  the  vitamin  require- 
ments of  horses  and  other  forms  of  live- 
stock, is  very  important  and  should  be 
continued.  Further  data  must  also  be 
obtained  relative  to  the  vitamin  require- 
ments of  human  beings  in  health  and 
disease. 

Twenty  years  ago,  one  of  my  students 
decided  to  go  into  another  field  of  work 
because  he  thought  that  all  vitamin  prob- 
lems had  been  solved.     Since  that   time 
the   whole    vitamin    field   has   undergcne 
unbelievable    transformations.      With    ^). 
the  knowledge  we  have  to  date,  the  field 
is   hardly  scratched.     Each   new  discov- 
ery opens  up  hundreds  of  new  problems. 
I    appeal   to   the   executive   oflicers    of 
the  various  industrial  laboratories  to  do 
everything  in  their  power  to   encourage 
research  work  and  to  finance  adequately 
the   research   programs   outlined   by   the 
research  staff,  for  they  have  opportunity 
to   study   problems   that   are   seldom   at- 
tacked by  university  workers  because  of 
lack    of    funds    and    physical    facilities. 
They  are  doing  a  fine  job  in  this  regard, 
but    I    ask   them   to   go    still    farther   in 
the   development  of   their   reserach   pro- 
gram.   It  will  pay  in  satisfaction,  as  well 
as  in  dollars  and  cents. 

Here  is  some  doggerel  which  I  have 
written  to  summarize  the  vitamin  situa- 
tion to  date: 


Vitamins  Go  to  Collegre 

Vitamin  A  is  a  sterol,  they  say. 

If    it's    absent?      The    thought    makes    me 
shiver! 
But  now  it  would  seem,  if  I  eat  carotene, 
I  can  make  the  darn  thing  in   my  liver. 
Bi,   thiamin,   and  Ba,   a  flavin. 

Play   a   chemical    role,    enzymatic; 
B's  3,  4  and  5  have  gone  back  to  the  hive, 

Of  which   I   approve  most  emphatic. 
Be    (pyridoxine)   acts  like  antitoxine. 

Curing  rats  with  sore  paws  and  red  skins; 
Nic:otinic,  the  acid,  now  makes  people  placid. 

When  once  they  have  been   p(>llagrins. 
Some    folks    react    splenic,    without    panto- 
thenic, 
Because   their  dark   hair  starts  to  gray; 
Without   Cevitamic,    they    lie   in   a   hammock 

And  take  pills  and  pellets  all  day. 
And  now,  if  you  please,  they  say  we've  two 
D's, 
That  we  need  to  cure  rickets  and  jitters; 
And    E,    a   sterol    (alphatocopherol). 

Causes  rats  to  produce  many  litters. 
Vitamin  F  is  ignored  by  the  chef, 

When    you're     fat     and     your     tissues    are 
flaccid; 
But    rats    become    thin    with    a    rough,    in- 
flamed skin, 
Through  the  lac;k  of  linoleic  acid. 
You    may    be    a   good    feeder    and   still    be   a 
bleeder. 
If   you   lack   blood   prothronnbin.    they  say. 
But  it  makes  you  feel  swell   to  know  you'll 
get    well 
If  the  doctor  has  Vitamin  K. 

renvoi 
I  don't  mind  addressing  the  drug  store  clerk 

In    vitamin    terms   alphabetical. 
But   it  sure   is  terrific   to  be  scientific. 
Using   three-dollar   terms,   hypothetical. 


REDUCTION 

CHANGE 


10.x  TO 


14.x 


power  to  a  pure  chemical  compound, 
para  amino  benzoic  acid,  but  his  results 
as  yet  have  not  been  confirmed  by 
others. 

Vitamin  B„,  pyridoxine,  is  now  obtain- 
able in  crystalline  form,  and  its  chem- 
ical formula  can  be  written.  While  it  is 
known  as  the  anti-acrodynia  factor,  it  is 
not  of  sufficient  practical  importance  at 
present  to  devote  much  time  to  it. 

OTHKR   FACTORS 

Alpha  tocopherol,  an  alcohol,  is  also 
known  as  vitamin  E.  It  can  be  manu- 
factured in  quantity  by  microdistilla- 
fion  and  seems  to  function  other  than  as 
an  "anti-sterility"  vitamin.  Apparently, 
it  plays  an  important  role  in  preventing 
and  curing  certain  types  of  muscular 
dystrophy  and  has  been  described  as  pre- 
venting encephalomalacia  in  "crazy 
chicks."  Its  clinical  value  is  still  open 
to  question. 

Vitamin  D  research  has  shown  no  pro- 
nounced trends  in  past  months  other 
than  the  tendency  to  sliow  increased  in- 
terest in  activated  7-dehydrocholesterol 
as  a  commercial  source  of  vitamin  D  for 
f()(Ml  fortification.  With  the  exception 
of  poultry,  activated  ergosterol  and  nat- 
ural vitamin  D  seem  to  ccmipare  quite 
faorably  for  all  practical  purposes  and 
can  he  used  more  or  less  interchange- 
ably. 

The  chemistry  of  vitamin  K,  the  anti- 
hemorrha^ic  vitamin,  has  been  worked 
out  and  a  number  of  related  compounds 
have  been  found  to  promote  prothrombin 
formation  and  hasten  blood  clotting. 
Clinical  applications  continue  to  appear 
in  the  medical  literature,  and  a  water 
.s(»luhle  form  of  vitamin  K  has  been 
described  which  can  now  be  injected  into 
the  blood  stream.  Aj)i)arently,  alfalfa 
leaf  meal  and  putrefying  fish  continue 
to  be  the  principal  sources  of  the  K 
vitamins,  of  wiiicii  there  arc  two,  K,  and 
K,. 

Di-scussion  of  grass  juice  factor.s,  giz- 
zard erosion  factors,  factors  U,  W  and 
H,  lactation  factors,  etc.,  will  be  omit- 
ted iiere  because  chemists  know  very  lit- 
tle about  them. 

MISCELI.ANKOUS    PROBLEMS 

Since  I  have  devoted  considerable  tin»e 
in  past  years  to  dairy  and  livestock  prob- 
l«'ins,  I  have  attempted  to  follow  cer- 
tain types  of  researches  that  are  related 
to  these  fields. 

Dr.  Kon  and  co-workers  in  England 
at  the  National  Dairy  Kesearch  Insti- 
tute have  probably  done  the  most  com- 
preiiensive  work  on  factors  affecting  the 
vitamin  content  of  milk.  They  have  re- 
eently  restudied  the  effect  of  heating 
and  processing  of  milk.  Tiiey  have  de- 
scribed experiments  in  whicii  milk  wa.s 
fla.sh-heated  at  160°  F.,  homogenized,  au- 
toelavcd  at  212°  F.,  the  bottles  closed 
and  the  heating  continued  to  230°  F., 
and  cooled,  giving  the  milk  plenty  of 
pnnisiiment.  They  omcluded  that  such 
treatment  <lid  not  reduce  digestii)ility, 
luit  they  felt  that  the  biological  value  of 
the  proteins  had  been  reduced  alumt 
6%.  Carotene  was  not  affected  (this 
agrees  with  our  own  work)  and  storage 
seemed  to  have  no  deleterious  effect  on 
the  A  potency.  B„  or  thiamin,  how- 
ever, was  partly  destroyed.  Pasteuriza- 
tion destroyed  but  10%  of  the  thiamin, 
wliile  sterilization  acccmnted  for  about 
50%.  Riboflavin  was  found  to  be  quite 
stable  and  was  not  aflfected  appreciably. 
Vitamin  C  losses,  on  the  other  hand, 
amounted  to  as  much  as  40%,  and  the 
losses  seemed  to  continue  during  .storage. 

Drying  of  ndlk  was  less  destructive 
of  thiamin  than  the  eva|M>rati<m,  whih- 
vitamin  A  i)oteney  of  milks  stood  up  well 
under  both  methods  of  processing.  Spray 
drying  was  less  destructive  of  vitamin 
C  than  roller  drying,  the  percentages  of 
loss  being  20%  and  30%,  respectively. 
Sterilized  evaporated  milks  contained  less 
vitamin  C  than  dried  milks.  This  is  due, 
in  all  probability,  to  the  fact  that  cop- 
per pans  were  used.  It  has  been  my  ex- 
perience that  heat,  properly  applied,  in 
the  absence  of  oxygen  and  copper,  leads 
to  satisfactory  preservation  of  vitamin 
C  in  milk.  Light  is  also  harmful  in  the 
presence  of  certain  catalysts,  one  of 
which  may  be  riboflavin. 

Kon  and  his  co-workers  have  also  re- 
studied  the  old  question  of  the  nutritive 


value  of  raw  versus  pasteurized  milk. 
Their  work  with  calves  and  human  beings 
agrees  with  most  other  work  of  similar 
nature;  namely,  that  no  outstanding  dif- 
ferences can  be  noted  from  a  practical 
standpoint. 

The  effect  of  diet  on  the  nutritive 
value  of  milk  continues  to  hold  the  at- 
tention of  many  workers,  including  our- 
selves, at  Pennsylvania  State  College.  It 
is  now  well  established  that  the  vitamin 
A  potency  of  milk  is  related  directly  to 
the  carotene  content  of  the  ration.  Vari- 
ous laboratories  over  the  country  have 
shown  that  the  "pigmented  breeds,"  or 
Jerseys  and  Guernseys,  can  be  made  to 
produce  i)ractically  colorless  butterfat  if 
fed  for  a  sufficient  length  of  time  on  a 
carotene-free  diet.  It  was  concluded 
many  years  ago  that  the  so-called  pig- 
mented breeds  are,  in  a  sen.se,  patho- 
logical, going  through  life  with  incipient 
carotinemia,  such  as  human  beings  oc- 
casionally experience.  In  other  words, 
the  Jersey  and  the  Guernsey  are  less 
efficient  as  "carotene  converters."  The 
poorer  pigmenters,  like  the  Holsteins 
and  Ayrshires,  may  and  often  do  eat 
more  carotene  per  day,  yet  they  invari- 
ably store  and  excrete  less  carotene.  Our 
work  shows  that  the  Holstein  is  a  better 
converter  of  carotene.  As  a  result,  the 
Holstein  stores  and  excretes  a  greater 
amount  of  the  more  or  less  colorless 
sterol,  vitamin  A,  and  less  of  the  orange 
yellow  hydrocarbon  pigment,  carotene. 
Gram  for  gram  and  pound  for  pound, 
hutterfats  from  all  these  breeds  dis- 
play about  the  same  total  biological 
vitamin  A  potency  when  fed  to  animals. 
Therefore,  hutterfats  from  pigmented 
breeds  are  richer  in  untransformed  caro- 
tene and  jHX)rer  in  the  transformed  vita- 
min A.  Conversely,  the  less  pigmented 
breeds  yield  hutterfats  with  less  carotene 
hut  more  vitamin  A.  This  means  that 
the  unstandardized  milks  rich  in  butter- 
fat  will  contain  more  vitamin  A  units 
()r  potency  per  quart  than  low-fat  milks, 
providing  the  cows  are  fed  the  same 
ration. 

Of  all  the  carotenoid  pigments  in  feeds, 
the  j)revailing  pigment  which  passes  into 
the  butterfat  is  beta  carotene.  If  car- 
rots are  fed  to  cows  in  quantity,  alpha 
carotene  is  also  found  in  the  fat.  It  is 
interesting  to  note  that  the  red  pigment, 
lycofjcne,  found  in  tomatoes,  cannot  pass 
into  the  butterfat.  This  red  pigment  is 
an  isomeric  hydrocarl)on  very  similar  in 
structure  to  carotene.  Apparently,  the 
cow  has  no  mechanism  whereby  she  can 
convey  this  lycopene  to  milk.  Where 
the  barrier  is  and  how  lycopene  is  se- 
lectively excluded,  are  not  known. 

Hauge  and  his  co-workers  at  Purdue 
state  that  the  cow  must  receive  more 
than  500,000  units  of  vitamin  A  (as  caro- 
tene) per  day  in  order  to  produce  a 
butterfat  of  maximum  A  potency.  These 
workers  have  also  called  attention  to  the 
existence  of  a  substance  in  soybeans 
whicli  prevents  transference  of  vitamin 
A  from  the  feed  to  the  milk.  They  be- 
lieve the  .substance  is  thermostable  and 
that  it  can  be  removed  by  adsorption 
on  Nuchar.  It  is  said  to  be  present  in 
both  the  bean  and  the  oil.  This  work 
will,  of  course,  have  to  be  confirmed  be- 
fore it  is  definitely  accepted. 

The  question  of  iwlized  milks  appears 
in  scientific  literature  from  time  to  time. 
A  recent  paper  from  Ohio  by  Mathews, 
Curtis  and  Meyers  states  that  the  feed- 
ing of  pota.ssium  iodide  increased  the 
iodine  content  of  milk  from  7  to  26 
times  that  of  ordinary  milk. 

The  riboflavin  cimtent  of  milk  is  a  live 
question  at  present.  Sharp  and  co-work- 
ers at  Cornell  feel  that  riboflavin  can  be 
increased  to  3.6  milligrams  per  liter  by 
feeding.  Others  doubt  whether  this  can 
be  done.  Whitnah  and  co-workers  at 
Kansas  believe  that  breed  differences 
exist,  ranging  from  1.17  milligrams  per 
liter  in  Ayrshire  milk  to  1.73  milligrams 
per  liter  in  Jer.sey  milk.  Sharp  reports 
an  average  of  2  milligrams  per  liter  in 
the  Cornell  dairy  herd.  So  far  as  our 
own  dairy  herd  is  concerned,  we  find 
about  1.5  milligrams  of  riboflavin  per 
quart. 

Dr.  Hunt  and  his  group  at  Ohio,  and 
others,  have  confirmed  our  early  work, 
with  Dr.  Bechdel,  of  several  years  ago, 
relative  to  the  synthesis  of  the  vitamin  B 


complex  in  the  rumen  of  the  dairy  cow 
by  micro-organisms.  Hunt,  with  more 
recent  and  refined  techniques,  has  found 
that  riboflavin  is  synthesized  in  the 
rumen  of  the  cow  in  appreciable  quanti- 
ties. This  has  been  our  feeling  ever 
since  riboflavin  was  recognized,  because 
our  synthetic  organism  was  a  yellow 
pigmenter,  which  Professor  Knutsen 
named   "flavo-bacterium  vitarumen." 

Hunt  doubts  whether  vitamin  B,  is 
synthesized  in  the  cow's  rumen,  while 
McElroy  and  Goss  of  California  believe 
they  have  proved  it  to  be  synthesized  in 
the  rumen  of  .sheep.  These  workers  could 
not  prove  that  it  is  synthesized  in  the 
cow's  rumen,  although  the  milk  con- 
tained normal  quantities.  A  non-fistu- 
lated  cow  did  have  thiamin  in  the  rumen 
and  they  conclude,  as  we  at  Pennsylvania 
did,  that  B,  is  probably  not  a  dietary 
essential  for  ruminants,  so  far  as  the 
feed  is  concerned.  Recently,  Hart,  El- 
vehjem  and  others  have  advanced  evi- 
dence to  show  that  thiamin,  riboflavin, 
nicotinic  acid,  pyridoxine  (Ba),  panto- 
thenic acid,  biotin  and  vitamin  K  are 
all   .synthesized  in  the   rumen. 

Kon  of  England  maintains  that  sprout- 
ed corn  caused  increa.sed  excretion  of 
a.scorbic  acid  (vitamin  C)  in  cows'  milk. 
As  early  as  1919,  our  laboratory,  as  well 
as  those  of  Hart  at  Wi-sconsin  and  Hess 
and  Supplee  in  New  York,  drew  similar 
condusiims  regarding  the  effect  of  the 
vitamin  C  content  of  the  ration  on  the 
vitamin  C  content  of  the  milk.  In  the 
intervening  years,  many  laboratories, 
started  by  the  work  of  Hughes  at  Kan- 
sas, have  questioned  the  ability  of  the 
ration  to  change  the  vitamin  C  content 
of  milk  appreciably.  Holmes,  in  a  re- 
cent paper,  finds  sea.sonal  fluctuations  in 
the  a.scorbic  acid  content  of  milk,  but 
doubts  whether  diet  or  period  of  lacta- 
tion  have  much   effect. 

We  at  Pennsylvania  have  restudied  the 
question  recently,  using  chemical  estima- 
tions of  ascorbic  acid,  and  the  old  work 
of  20  years  ago  is,  of  course,  open  to 
question,  since  guinea  pigs  were  evi- 
dently responding  to  milk  vitamins  which 
at  that  time  had  not  been  discovered. 
Recently,  we  restudied  the  whole  situa- 
tion. 

Our  first  problem,  of  course,  was  the 
collection  of  milk,  blood  and  urine  in 
order  to  find  out  how  to  estimate  the 
a.scorl)ic  acid  accurately.  We  finally 
satisfied  ourselves  on  the  ascorbic  acid 
detennination  in  blootl,  milk  and  urine, 
using  the  dye  titration  method,  and  the 
Roe  furfuraldehyde  method. 

We  used  only  Holstein  cows,  to  elim- 
inate any  variations  due  to  breed,  and 
we  fed  the  largest  doses  of  ascorbic  acid 
or  vitamin  C  that  have  ever  been  re- 
corded. We  have  fed  as  high  as  4,000,000 
international  units  per  day,  or  nearly 
Vs  lb  of  ascorbic  acid  in  pure  crystalline 
form.  Of  course,  we  couldn't  inject  that 
much,  but  we  have  injected  as  much  as 
1,000,000  units  per  day. 

We  administered  the  ascorbic  acid  to 
cows  in  five  different  ways:  (1)  by  feed- 
ing with  small  amounts  of  corn  silage, 
(2)  by  drenching  from  a  bottle,  (3)  by 
intravenous  injection,  (4)  by  subcutane- 
ous injection,  and  (5)  with  gelatin  cap- 
sules. 

We  were  unable  to  find  an  Increase 
in  the  ascorbic  acid  content  of  the  blood, 
the  milk  or  the  urine  by  feeding  meth- 
ods. When  we  injected  ascorbic  acid 
subcutaneously  and  intravenously,  we  got 
a  slight  increa.se  of  ascorbic  acid  in  the 
bl(M)d  and  we  observed  an  increased  out- 
put in  urine  and  milk.  We  could  ac- 
count, in  some  of  the  experiments,  for 
as  high  as  90%  of  the  total  a.scorbic  acid 
injected.  However,  by  the  gelatin  cap- 
sule method,  we  got  the  same  results  as 
we  did  by  the  other  feeding  methods. 
The  question  arises:  Where  is  it  going 
and  where  was  it  destroyed? 

We  produced  a  rumen  fistula  and 
studied  the  question  with  the  opportunity 
of  taking  .samples  from  the  rumen.  We 
found  that  vitamin  C  is  very  rapidly  de- 
stroyed in  the  rumen.  We  then  removed 
the  rumen  contents  and  put  them  in 
beakers  and  studied  the  speed  of  ascorbic 
acid  destruction  in  vivo  as  well  as  in 
vitro.  We  added  known  quantities  of 
ascorbic  acid  to  the  beakers,  and  got 
practically  the  same  results  as  were  ob- 


tained in  the  rumen,  except  that  the  de- 
struction time  was  a  little  longer.  Body 
temperature  and  aeration  through  tlie 
churning  of  the  rumen  contents  had  inuv-h 
to  do  with  the  destruction. 

We  are  now  studying  the  mechanism  uf 
this  destruction  in  the  rumen.  Also,  we 
have  evidence  that  the  cow  is  capable 
of  synthesizing  vitamin  C. 

We  are  also  planning  some  long-tuue 
experiments  on  vitamin  C-free  diets,  to 
see  just  how  far  we  can  go  in  reducin" 
the  ascorbic  acid  content  of  milk  hv 
feeding.  We  have  evidence  that  we  can 
go  as  low  as  15  milligrams  per  quarl 
and  as  high  as  30  milligrams  per  quart 
by  feeding,  but  we  do  not  yet  know  if 
these  are  the  absolute  limits. 

Whitnah  and  Ridell  at  Kansas  state 
that  they  are  able  to  obtain  increases  in 
blood  ascorbic  acid  by  feeding  fresii 
rye.  We  want  to  repeat  their  work  and 
compare  it  with  the  various  sources  of 
ascorbic  acid. 

We  have  been  interested  in  the  last 
three  or  four  years  in  the  effect  of  ex- 
ercise on  vitamin  requirement.  We  have 
divided  our  rats  into  three  groups:  one 
group  gets  no  exercise,  another  group  is 
permitted  to  exercise  voluntarily,  and 
yet  another  group  is  forced  to  exercise 
by  having  the  rotor  run  by  a  motor 
at  the  rate  of  about  1,000  revolutions  per 
day. 

Briefly,  we  found  that  the  fat,  lazy 
rats  that  got  no  exercise  came  down 
with  vitamin  A  deficiency  fa.ster  than 
tho.se  that  were  forced  to  exercise  or 
which  exercised  voluntarily.  We  also 
found  that  the  exercised  rats  had  better 
intestinal  motility  as  measured  by  num- 
ber and  size  of  fecal  pellets. 

The  work  done  by  Dr.  Hunter  and 
co-workers  on  the  vitamin  requirements 
of  poultry,  as  well  as  by  Bechdel  and 
co-workers  on  the  vitamin  D  require- 
ments of  dairy  cattle  and  that  of  Guil- 
bert  and  Hart  on  the  vitamin  require- 
ments of  horses  and  other  forms  of  live- 
stock, is  very  important  and  should  be 
continued.  Further  data  must  also  be 
obtained  relative  to  the  vitamin  require- 
ments of  human  beings  in  health  and 
disease. 

Twenty  years  ago,  one  of  my  students 
decided  to  go  into  another  field  of  work 
because  he  thought  that  all  vitamin  prob- 
lems had  been  solved.  Since  that  thne 
the  whole  vitamin  field  has  undergone 
unbelievable  transformations.  With  Jk 
the  knowledge  we  have  to  date,  the  field 
is  hardly  scratched.  Each  new  discov- 
ery opens  up  hundreds  of  new  problems. 

I  appeal  to  the  executive  officers  of 
the  various  industrial  laboratories  to  do 
everything  in  their  power  to  encourage 
research  work  and  to  finance  adequately 
the  research  programs  outlined  by  the 
research  staff,  for  they  have  opportunity 
to  study  problems  that  are  seldom  at- 
tacked by  university  workers  because  of 
lack  of  funds  and  physical  facilities. 
They  are  doing  a  fine  job  in  this  regard, 
but  I  ask  them  to  go  still  farther  in 
the  development  of  their  reserach  pro- 
gram. It  will  pay  in  .satisfaction,  as  well 
as  in  dollars  and  cents. 

Here  is  some  doggerel  which  I  have 
written  to  summarize  the  vitamin  situa- 
tion to  date: 

Vitamins  Go  to  Collesre 

Vitamin  A  Is  a  sterol,  they  say. 

If    Its    alKsent?      The    thought    makes    me 
shiver  I 
But  now  it  would  seem,   If  I  eat  carotene, 

I   can   make   the  darn   thing   in   my  liver. 
B,,   thiamin,   and  B»,  a  flavin, 

I'lay   a   chemical    role,    enzymatic; 
B's  3,  4  and  5  have  gone  back  to  the  hive. 

Of  which    I   approve   moat  emphatic. 
B«    (i)yridoxlne)   acts  like  antltoxine. 

Curing  rats  with  sore  paws  and  red  skins; 
Nicotinic,  the  acid,  now  makes  people  placid, 

When  once   they   have  been   pellagrins. 
Some    folks    react    splenic,     without     panto- 
thenic, 

Becau.se   their  dark   hair  starts  to  gray; 
Without   Cevitamic,    they    He   in    a   hammock 

And  take  pills  and  pellets  all  day. 
And   now,   if  you  please,   they  say  we've   two 
D's, 

That  we  need  to  cure  rickets  and  Jitters; 
And    K,    a    sterol    (alphatocopherol). 

Causes  rats  to  produce  many  litters. 
Vitamin   F  is  ignored   by  the  chef. 

When    youre     fat     and     your     tissues    are 
flaccid; 
But    rats    become    thin    with    a    rough      in- 
flamed skin,  ' 

Through  the  lack  of  linoleic  add. 
You    may    be    a   good    feeder   and    still    be   a 
bleeder, 

If   you   lack   blood   prothrombin,    they  say. 
But  it   makes  you  feel  swell   to   know  you'll 
get    well 

If  the  doctor  has  Vitamin  K. 
renvoi 
I  don't  mind  addre.sslng  the  drug  store  clerk 

In    vitamin    terms    alphabetical. 
But    it   sure   Is   terrific    to   be  scientific. 

Using   three-dollar  terms,   hypothetical. 
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complex  in  the  rumen  of  the  dairy  cow 
by  micro-organisms.  Hunt,  with  more 
recent  and  refined  techniques,  has  found 
that  riboflavin  is  synthesized  in  the 
rumen  of  the  cow  in  appreciable  quanti- 
ties. This  has  been  our  feeling  ever 
since  riboflavin  was  recognized,  because 
our  synthetic  organism  was  a  yellow 
pigmenter,  which  Professor  Knutsen 
named  *'flavo-bacterium   vitarumen." 

Hunt  doubts  whether  vitamin  Bj  is 
synthesized  in  the  cow's  rumen,  while 
McElroy  and  Goss  of  California  believe 
they  have  proved  it  to  be  synthesized  in 
the  rumen  of  sheep.  These  workers  could 
not  prove  that  it  is  synthesized  in  the 
cow's  rumen,  although  the  milk  con- 
tained normal  quantities.  A  non-fistu- 
lated  cow  did  have  thiamin  in  the  rumen 
and  they  conclude,  as  we  at  Pennsylvania 
did,  that  Bj  is  probably  not  a  dietary 
essential  for  ruminants,  so  far  as  the 
feed  is  concerned.  Recently,  Hart,  El- 
vehjem  and  others  have  advanced  evi- 
dence to  show  that  thiamin,  riboflavin, 
nicotinic  acid,  pyridoxine  (Be),  panto- 
thenic acid,  biotin  and  vitamin  K  are 
all   synthesized  in  the  rumen. 

Kon  of  England  maintains  that  sprout- 
ed corn  caused  increased  excretion  of 
ascorbic  acid  (vitamin  C)  in  cows'  milk. 
As  early  as  1919,  our  laboratory,  as  well 
as  those  of  Hart  at  Wisconsin  and  Hess 
and  Supplee  in  New  York,  drew  similar 
conclusions  regarding  the  eff^ect  of  the 
vitamin  C  content  of  the  ration  on  the 
vitamin  C  content  of  the  milk.  In  the 
intervening  years,  many  laboratories, 
started  by  the  work  of  Hughes  at  Kan- 
sas, have  questioned  the  ability  of  the 
ration  to  change  the  vitamin  C  content 
of  milk  appreciably.  Holmes,  in  a  re- 
cent paper,  finds  seasonal  fluctuations  in 
the  ascorbic  acid  content  of  milk,  but 
doubts  whether  die*^  or  period  of  lacta- 
tion have  much   effect. 

We  at  Pennsylvania  have  restudied  the 
question  recently,  using  chemical  estima- 
tions of  ascorbic  acid,  and  the  old  work 
of  20  years  ago  is,  of  course,  open  to 
question,  since  guinea  pigs  were  evi- 
dently responding  to  milk  vitamins  which 
at  that  time  had  not  been  discovered. 
Recently,  we  restudied  the  whole  situa- 
tion. 

Our  first  problem,  of  course,  was  the 
collection  of  milk,  blood  and  urine  in 
order  to  find  out  how  to  estimate  the 
ascorbic  acid  accurately.  We  finally 
satisfied    ourselves   on   the   ascorbic   acid 


tained  in  the  rumen,  except  that  the  de- 
struction time  was  a  little  longer.  Body 
temperature  and  aeration  through  the 
churning  of  the  rumen  contents  had  much 
to  do  with  the  destruction. 

We  are  now  studying  the  mechanism  of 
this  destruction  in  the  rumen.  Also,  we 
have  evidence  that  the  cow  is  capable 
of  synthesizing  vitamin  C. 

We  are  also  planning  some  long-time 
experiments  on  vitamin  C-free  diets,  to 
see  just  how  far  we  can  go  in  reducing 
the  ascorbic  acid  content  of  milk  by 
feeding.  We  have  evidence  that  we  can 
go  as  low  as  15  milligrams  per  quart 
and  as  high  as  30  milligrams  per  quart 
by  feeding,  but  we  do  not  yet  know  if 
these  are  the  absolute  limits. 

Whitnah  and  Ridell  at  Kansas  state 
that  they  are  able  to  obtain  increases  in 
blood  ascorbic  acid  by  feeding  fresh 
rye.  We  want  to  repeat  their  work  and 
compare  it  with  the  various  sources  of 
ascorbic  acid. 

We  have  been  interested  in  the  last 
three  or  four  years  in  the  effect  of  ex- 
ercise on  vitamin  requirement.  We  have 
divided  our  rats  into  three  groups:  one 
group  gets  no  exercise,  another  group  is 
permitted  to  exercise  voluntarily,  and 
yet  another  group  is  forced  to  exercise 
by  having  the  rotor  run  by  a  motor 
at  the  rate  of  about  1,000  revolutions  per 
day. 

Briefly,  we  found  that  the  fat,  lazy 
rats  that  got  no  exercise  came  down 
with  vitamin  A  deficiency  faster  than 
those  that  were  forced  to  exercise  or 
which  exercised  voluntarily.  We  also 
found  that  the  exercised  rats  had  better 
intestinal  motility  as  measured  by  num- 
ber and  size  of  fecal  pellets. 

The  work  done  by  Dr.  Hunter  and 
co-workers  on  the  vitamin  requirements 
of  poultry,  as  well  as  by  Bechdel  and 
co-workers  on  the  vitamin  D  require- 
ments of  dairy  cattle  and  that  of  Guil- 
bert  and  Hart  on  the  vitamin  require- 
ments of  horses  and  other  forms  of  live- 
stock, is  very  important  and  should  be 
continued.  Further  data  must  also  be 
obtained  relative  to  the  vitamin  require- 
ments of  human  beings  in  health  and 
disease. 

Twenty  years  ago,  one  of  my  students 
decided  to  go  into  another  field  of  work 
because  he  thought  that  all  vitamin  prob- 
lems had  been  solved.  Since  that  time 
the   whole    vitamin   field   has   undergone 
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THE  DISTRIBUTION  OF  POTASSIUM  IN  BRIGHT  LEAF 
CIGARETTE  TOBACCO  AND  ITS  INFLUENCE  ON  THE 
QUALITY  OF  THE  LEAF  ' 

Bv  M.  F.  Gribbins,  assistant  in  agricultural  and  biological  chemistryy  J.  J.  Reid 
assistant  professor  of  bacteriology,  and  D.  E.  Haley,  professor  of  soils  and  phy to- 
chemistry f  Pennsylvania  Agricultural  Experiment  Station 

INTRODUCTION 

Numerous  workers  have  reported  that  potash  fertUization  of  leaf 
tobacco  is  favorable  both  to  the  yield  and  quality  of  the  crop.  Many 
fundamental  studies  have  been  conducted  on  the  absorption  and  trans- 
location of  potassium  by  growing  plants  and  its  accumulation  within 
the  various  cells  and  tissues.  The  relation  of  this  element  to  various 
biochemical  and  physiological  phenomena  has  received  due 
consideration. 

The  present  investigations  involve  a  study  of  the  influence  of  various 
quantities  of  potash  fertilizers  applied  to  growing  plants  in  the  field 
on  the  absorption  and  localization  of  potassium  within  the  plants  and 
the  influence  of  this  element  upon  their  quality.  For  these  studies, 
samples  of  tobacco  were  obtained  from  certain  of  the  experimental 
plots  at  Chatham,  Va.,  where  the  Virginia  Agricultural  Experiment 
Station  is  conducting  field  tests  on  this  crop.  Samples  of  both  the 
1938  and  1939  crops  were  taken  in  December  from  a  barn  where  the 
mature  leaves  had  been  stored  in  the  usual  manner  after  harvesting 
and  curing.  The  results  of  studies  conducted  on  similar  samples  of 
the  1937  crop  have  been  reported  (2).^ 

REVIEW  OF  THE  LITERATURE 

Within  the  growing  plant  potassium  may  be  found  in  the  form  of 
compounds  which  ar(^  quite  soluble  in  water.  It  is  readily  transported 
throughout  the  plant  and  is  usually  found  to  accumulate  in  regions  of 
active  growth.  Nightingale,  Schermerhorn,  and  Robbins  {6)  found 
that  the  greater  part  of  the  potassium  in  tomato  plants  was  soluble  in 
water  and,  when  present  in  limited  quantities,  was  translocated  from 
regions  of  less  intensive  to  regions  of  more  intensive  metabolism.  If  a 
potassium-deficient  plant  was  allowed  to  fruit,  the  potassium  was 
translocated  to  the  fruit  at  the  expense  of  all  other  portions  of  the 
plant,  which  resulted  in  its  death.  Confirmatory  results  have  been 
reported  by  James  and  Penston  (3)  and  by  Janssen  and  Bartholomew 
W).  The  last-named  workers  found  that  leaf  starvation  in  the  tomato 
plant  due  to  a  lack  of  potassium  was  progressive,  and  extended  from 
the  lower  to  the  upper  leaves.  Dead  leaves  taken  from  the  plants 
snowed  a  much  lower  content  of  potassium  than  actively  growing 
leaves,  indicating  a  reutilization  of  this  element  in  metabolism.  It  is 
apparent,  therefore,  that  a  plant  should  contain  ample  quantities  of 
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notassiuni  for  its  normal  growth  and  metabolism,  and  tliat  there 
should  be  a  fair  distribution  of  this  element  throughout  the  plant. 

MATERIALS  USED  AND  METHODS  OF  ANALYSIS 

The  samples  were  taken  from  plots  each  of  which  received  30  puu.uls 
of  nitrScn   80  pounds  of  phosphoric  acid,  and  various  quantities  ol 
Dotash  per' acr?  as  shown  in  table   1.     Supplementary     rea  meats 
rnvolved  the  application  of  magnesia  and  limestone  to  all  plots  a 
Cate  of  200  pounds  per  acre.    Two  percent  of  the  potash  was  applioc 
flfmuriate    the  remainder  as  the  sulfate.     Representative  samp  es 
o   Kes  were  taken  from  the  lower,  the  middle  and  the  upper  tlur, 
of  the  stams.     Each  sample  represented  two  grades  good  quality  and 
scrap  quality.     In  1938  only  the  good  quality  grades  were  analyzed. 
Methods  used  for  chemical .  analysis  involved  the  remo7l  o  te 
midrib  and  grinding  the  remainder  in  a  \\i  ey  mill.     Total  nitiopMi 
was  determined  by  the  Kjeldahl  method  modihed  to  include  the  m  ro- 
gen  of  nSes'  p^tassiui^i  by  the  Plati^uc^chloride  me^l.o.    a^^^^^^^^^^^^ 
to  Thomas  et  al.  {10),  and  moisture  by  drying  at  97.5    L.  lor  I  liouis  iii 
a  dryhS  oven.     Reducing  materials  were  determined  on  an  aqueous 
exSJ  of  the  sample  by  the  Quisumbing  and  Thomas  method  (7)  ami 
calcdated  as  glucose.     Samples  were  extracted  with  water  at  50    C^ 
for  2  hours  and  then  overnight  at  room  temperature.     The  samples 
were  clarified,  deleaded,  madi  up  to  volume,  filtered,  and  the  reducing 
power  determined  on  aliquots. 

Table  \.— Fertilizer  treatment  of  the  experimental  tobacco  plots  studied  ^ 


Plot  No. 


Row  treatment, 
1,000  pounds 
per  acre  of  in- 
dicated formula 


1 

2 

3 

4 

5 

6 

7 

8-— 


3-8-0 
3-8-3 
3-8-6 
3-8-6 
3-8-6 
3-8-6 
3-8-6 
3-8-6 


Side  dressing 
of   K2O    per 
acre  * 


Pounds 


0 

0 

0 

30 

60 

100 

140 

240 


Total  K2O  in 

treatment,  per 

acre 


Pounds 


0 

30 

60 

90 

120 

160 

200 

300 


.  Data  presented  in  this  table  were  obtained  from  E.  M.  Matthews,  superintendent  of  the  Chatham  sub- 
^^^'^i^is^S^X^n^i^  tlSe^ -w  about  8  inches  from  the  plants  3  weeks  after  trans- 

planting. 

PRESENTATION  OF  DATA 


portion,  but  by  no  means  all,  of  tliese  matcM'ials  is  made  up  of  glucose 

and  related  sugars.  ,    i      r  •      ,.\nn  mi 

The  1938  crop  produced  good  yields  and  commanded  a  tair  piie(   >• 
the  market  (table  2),  notwithstanding  the  fact  that  it  was  grown  urn  ( ' 
conditions  of  excessive  rainfall  and  was  somewhat  damaged  by  i  a  • 
The  analyses  made  on  the  best  quaUty  samples  are  presented 
table  3. 

«  These  samples  were  submitted  through  the  courtesy  of  E.  M.  Matthews,  superintendent  of  the  Cbatham 
substation. 
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rr.gLE  2 Effect  of  various  fertilizer  treatments  on  the  yield  and  value  of  the  1988 

and  1939  crops  of  bright  leaf  tobacco  produced  on  the  experimental  plots  studied 


1938    CROP 


Plot  No.> 


Yield 
per  acre 


1.- 
2- 
3.- 
4.. 

5.. 
6. 
7- 
8- 


Pounds 

758 
1,096 
1,168 
1,192 
1,188 
1,222 
1,198 
1,228 


Value 
per  acre 


Dollars 
140.20 

218. 08 
239. 70 
254. 35 
233. 63 

241. 09 
222.  74 
237.  53 


Price 
per  pound 


Cents 


18.6 
19.9 
20.5 
21.3 
19.7 
19.7 
18.6 
19.3 


1939  CROP 


1. 
2. 
3. 
4. 
h. 
6- 
7. 
8. 


120.40 
150.80 
155.60 
162.00 
147.60 
166.  40 
143.60 
144.  80 


13.6 
13.8 
14.0 
14.7 
13.6 
14.0 
12.6 
13.5 


>  See  table  1  for  formulas  and  quantities  of  fertilizers  used  on  these  plots. 

The  1939  crop  was  grown  under  dry  conditions  early  in  the  season 
but  later  the  rainfall  was  satisfactory.  On  the  whole,  however,  this 
crop  was  somewhat  inferior  to  that  of  the  1938  crop  (table  2). 

Chemical  analyses  of  the  tobacco  for  both  years  are  presented  m 
table  3,  all  results  being  reported  on  a  moisture-frc^e  basis.  From  the 
results  as  listed  in  table  3,  the  ratio  of  nitrogen  to  potnssumi  was 
calculated.     The  results  are  presented  in  figures  1  and  2. 


I 


< 
z 


BOTTOM  LEAVES 
MIDDLE  LEAVES 
TOP    LEAVES 


m 


i 


1 


4  5 

PLOT 
Figure  1. — The  nitrogen/potassium  ratio  of  bright  leaf  tobacco  as  influenced  by 

fertilizer  treatments,  1938  crop,  best  quality. 
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■  BOTTOM  LEAVES 
m     MIDDLE  LEAVES 


TOP  LEAVES 


a 

o 

;-• 
o 

OS 
CO 

a 


Table  3. — Effect  of  various  fertilizer  treatments  on  certain  constituents  of  the  bottoniy 
middlej  and  top  leaves  of  hest-quality  bright  leaf  cigarette  tobacco  produced  on  the 
experimental  plots  in  1988,  and  of  best  and  scrap  quality  in  1939 

1938,  BEST  QUALITY 


Plot  No.i 


3 

4 

5 

G --- 

7 

8 -.- 


Location  of  leaves 


{Bottom 
Middle 
Top 

{Bottom 
Middle 
Top 

{Bottom 
Middle 
Top 

{Bottom 
Middle 
Top 

{Bottom 
Middle..... 
Top 

(Bottom 
Middle..-.. 
Top 

{Bottom 
Middle.-.. 
Top 

(Bottom 
Middle 
Top 


Reducing 
materials 
calculated 
as  glucose 


Percent 
22.47 
13.48 
5.87 
23.65 
20.06 
24.76 
24.03 
21.83 
15.43 
27.94 
22.18 
18.60 
27.69 
24.45 
14.18 
28.42 
22.63 
13.35 
24.93 
20.89 
18.62 
22.40 
25.29 
18.19 


Nitrogen 


Percent 
1.97 
2.60 
3.22 
1.79 
2.  11 
2.20 
1.71 
1.95 
2.31 
1.59 
2.07 
2.15 
1.63 
2.09 
2.35 
1.71 
1.86 
2.32 
1.77 
1.98 
2.21 
1.80 
1.85 
2.20 


Potassium 


Percent 
0.91 
1.14 
1.  35 
1.18 
1.26 
1.  92 
1.91 
1.93 
2.00 
2.20 
2.17 
2.11 
2.46 
2.29 
2.59 
2.68 
2.44 
2.71 
3.18 
2.81 
2.78 
3.24 
2.72 
2.74 


Nitrogen/ 

potassium 

ratio 


1939,  BEST  QUALITY 


2.16 

2.28 


38 
52 


1.67 

1.15 

.90 

1.01 

1.15 

.72 

.95 

1.02 

.66 

.91 

.91 

.64 

.76 

.85 

.56 

.70 

.79 

.56 

.68 

.80 


Glucose/ 

nitrogen 

ratio 


11.40 

5.18 

1.83 
13.20 

9.50 

6.70 
14.05 
11.19 

6.68 
17.57 
10.72 

8.65 
16.98 
11.68 

6.03 
16.  62 
12.17 

5.75 
14.08 
10.  55 

8.44 
12.  44 
13.68 

8.27 


Bottom 

1 . 

■  Middle 

14.00 

6.54 
14.15 
17.21 
12.46 
12.08 
17.75 

9.69 
13.  70 
22.58 
11.02 
12.24 
20.09 

8.93 
13.21 
21.50 
13.60 
14.70 
20.62 
10.  17 
16.85 
20.97 

9.59 

2.12 
2.74 
2.10 
2.05 
2.20 
2.06 
1.84 
2.31 
2.21 
1.93 
2.27 
2.05 
1.91 
2.36 
2.09 
1.89 
2.21 
1.95 
1.92 
2.33 
1.88 
1.86 
2.21 

0.73 
1.29 
1.39 
1.46 
1.51 
1.82 
1.75 
2.15 
2.91 
2.43 
2.57 
3.70 
3.05 
3.48 
3.82 
2.99 
2.65 
3.80 
3.50 
3.38 
4.08 
3.44 
3.54 

2.91 

2.12 

1.51 

1.40 

1.46 

1.13 

1.05 

1.07 

.76 

.79 

.88 

.55 

.63 

.68 

.55 

.63 

.83 

.51 

.55 

.69 

.46 

.54 

.62 

6.61 

Top                          

2.39 

Bottom.   .     

6.74 

2 

•Middle ._  

8.40 

Top                 

5.66 

Bottom  ..  

5.87 

3. 

{Middle 

9.65 

Top          -        

4.19 

4 

Bottom 

middle          

6.20 
11.71 

Top         

4.86 

Bottom 

5.98 

5 

•(Middle     . 

10.51 

Top..  

3.78 

Bottom 

6.33 

6 

•{Middle 

11.37 

Top 

6.15 

Bottom  .  .-- 

7.55 

7 

Middle 

10.73 

Top    

4.36 

(Bottom 

8.96 

8 

•^Middle          

11.30 

[Top      

4.34 
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T.B..  ^.-ESeci  OS  various  f^rfi^'^'^^^^^^  Z'ruZtlTi'roi^i'^^^^^^^^ 

1939,  SCRAP  QUALITY  


riot  No. 


Location  of  leaves 


Reducing 
materials 
calculated 
as  glucose 


Nitrogen 


(Bottom,. 
{Middle  - 

[Top 

I  Bottom - 
•^Middle  . 
iTop.-.-- 
(Bottom. 
.^  Middle - 

[Top 

I  Bottom - 
{Middle- 

[Top 

•  Bottom. 
{Middle.. 

iTop 

(Bottom. 
{Middle- 

iTop 

(Bottom. 

{Middle- 

iTop... 

'  (Bottom. 

8  [{Middle. 


6 


iTop. 


Percent 
6.70 
12.48 
3.70 
7.57 
17.22 
9.12 
5.54 
14.39 
7.49 
6.81 
21.05 
9.86 
7.83 
16.31 
7.81 
5.07 
18.05 
9.46 
7.72 
16.74 
8.35 
8.03 
17.04 
7.08 


Percent 

2.37 

2.13 

3.12 

2.27 

1.93 

2.44 

2.28 

1.92 

2.54 

2. 

1. 

2. 

2. 

1. 

2, 

2, 


Potassium 


Nitrogen/ 

potassium 

ratio 


Glucose/ 

nitrogen 

ratio 


39 
72 
23 
16 
98 
24 
42 
1.90 
2.41 
2.34 
1.96 
2.39 
2.23 
1.72 
2.36 


Percent 
0.61 
1.09 
1.32 
1.27 
1.35 
1.61 
1.97 
1.89 
2.44 
3.08 
2.44 
2.  55 
3.33 
3.17 
3.44 
4.30 
3.30 
3.22 
4.63 
3.34 
3.60 
4.17 
3.58 
3.48 


3.88 
1.96 
2.36 
1.79 
1.43 
1.52 
1.16 
L02 
1.04 
.78 
.71 
.88 
.65 
.62 
.65 
.56 
.58 
.75 
.52 
.59 
.68 
.54 
.48 
.68 


2.82 
5.86 
1.19 
3.33 
8.93 
3.74 
2.43 
7.50 
2.95 
2.43 
12. 25 
4.42 
3.f)2 
8.25 
3.49 
2.09 
9. 51 
3.92 
3.30 
8.5.1 
3.49 
3.60 
9.92 
3.00 


1  Sec  table  1  f<>.-  formulas  and  quantities  of  fertUizers  used  on  these  plots. 

DISCUSSION  OF  RESULTS 

The  results  on  the  intake  and  accumulation  of  potassium  as  in- 
dicVtedn  table  3  are  somewhat  in  agreement  with  the  observa  ion 
S  1  de  on  and  coworkers  (/),  who  stated  that  where  he  suppW 
potash  in  the  soil  was  quite  low,  this  e  ement  was  found  ni  highti 
?onc  '^^^trations  in  the  upper  rather  than  in  the  lower  leaves.  O  th^ 
otlu.  iiand,  where  the  supply  was  ample,  there  was  a  higher  accuinu- 

'"Xt'tW.lSlSfot  ,K,i.ss;,un,  i„  the  pj«„t  »■"""«"-•■»,: 

measure  by  the  quantities  available  is  mdicated  by  table  3      In  p  ots 
1  and  2  the  low  level  of  available  potassium  appeared  msufficient  to 
meet^L  d^^^^^^^^      of  the  growing 'plant      Under  these  condit^^^^^^^ 
Inrger  accumulation  of  this  element  should  be  expected  in  the  upper 
portions.     However,  where  ample  or  rather  ^^^^^^f^^^;^;"^^^^^^^^^ 
potassium  were  available  to  the  pants,  it  appeared  t<)  be  ab^^^^^^^ 
throughout  the  growth  period,  resulting  m  a  marked  accumulation  oi 

this  element  in  the  lower  plant  parts.  ,„„,;„rT.  in  tho 

The  incorporation  of  relatively  large  quantities  of  P^tassiuni  m  tiio 
fertilizer  mixtures,  improperly  balanced  with  other  necessary  min^^^^^^ 
nutrients,  does  not  appear  to  be  advisable,  since  the  ^^^^^ket  value  oi 
the  tobacco  produced  on  plots  so  treated  was  found  to  be  quit(>  loy- 
The  conditions  under  which  these  plants  were  grown,  however,  i 
dicate  that  quantitic^s  approximating  100  pounds  per  acre  may 

"^While^it  is  not  advisable  to  produce  bright  leaf  tobacco  containing 
large  quantities  of  nitrogen,  this  element  must  be  given  due  consmer^ 
ation  as  supplying  certain  properties  to  the  leaves  which  are  exiremeiy 


desirable  from  the  standpoint  of  both  yield  and  quality.  From  the 
results  obtained,  the  writers  are  inclined  to  believe  that  the  ratio  ol 
nitrogen  to  potassium  should  approximate  1:1  in  the  leaves,  (bee 
fias  1  and  2.)  It  is  apparent  that  the  plots  receiving  minimum  quan- 
tities of  potassium  had  a  wider  ratio,  while  those  receiving  excessive 
uiiantities  had  a  narrower  ratio  than  this  value.  .1-eaves  showing  a 
ratio  of  approximately  1:1  were  found  on  the  middle  leaves  ot  the 
nlants  grown  on  plots  3,  4,  and  5  during  the  1938  season. 

It  would  appear  that  there  is  some  correlation  between  the  nitrogen/ 
potassium  ratio  of  the  leaves  and  the  fertilizer  treatment  of  the  plants. 
While  the  1938  and  1939  crops  were  produced  under  difterent  weather 
conditions,  the  figures  for  the  nitrogen/potassium  ratio  were  ot  some- 
what the  same  order.  ,  .  ^-  ^t 
Samples  of  the  1938  crop  showed  an  increase  in  the  concentration  oi 
nitrogen  from  the  lower  to  the  upper  leaves.  However,  there  appeared 
to  be  a  slight  variation  where  the  potassium  supply  was  more  or  less 
ample  On  the  other  hand,  the  variation  was  quite  pronounced  tor 
plot  1  where  no  potassium  was  applied.  This  was  likewise  noted  tor 
samples  taken  from  this  plot  in  1939,  while  the  remaining  plots  showed 
approximately  the  same  concentration  of  nitrogen  in  the  bottom  and 
top  leaves,  being  somewhat  lower  in  the  middle  leaves         ,    ,      j     , 

It  has  been  stated  on  numerous  occasions  that  normal  carbohydrate 
formation  is  closely  associated  with  the  presence  of  ample  quantities 
of  potassium  (9,  8,  5).  While  the  quantity  of  available  soil  potassium 
in  plot  1  may  have  been  sufficient  to  meet  the  needs  of  the  plants 
during  their  early  period  of  growth,  it  apparently  was  not  sufhcient  to 
meet  their  demands  during  the  latter  stages  of  growth,  as  may  be 
noted  in  the  very  low  concentration  of  carbohydrates  in  the  mature 

plants.  .        ,  ,    ^  f        x-     1 

The  results  presented  for  the  1938  crop  m  table  3  are  of  particular 
interest.  The  samples  from  practically  all  plots  showed  a  larger  quan- 
tity of  reduciiii!:  materials  in  the  lower  than  in  the  higher  leaves. 
For  those  plots  rec(Mving  sufficient  potash   this  difference  was  less 

pronounced.  r   i     i     r 

It  is  quite  apparent  that  the  re(hicing  materials  of  the  leal  are  more 

or  less  associated  with  its  quality.     A  comparison  of  the  composition 

of  the  two  grades  of  tobacco  obtained  from  the  1939  crop,  as  given  in 

table  3,  is  striking.     In  all  cases,  the  reducing  materials  of  the  bottom 

and  top  leaves  of  the  scrap  quality  was  low,  wlnle  that  of  the  middle 

loaves  was  somewhat  higher.     It  may  be  noted  that  while  the  bottom 

k^aves  of  samples  from  plot  4  had  approximately  the  same  nitrogen/ 

potassium  ratio,  the  reducing  materials  of  the  scrap  quality  were  less 

than  half  that  of  the  best  quality  tobacco.  ,  ,       i  i    r 

Harvesting  of  bright  leaf  tobacco  is  accomplished  by  the  removal  ot 

two  or  three  leaves  at  a  time  as  they  become  ^'ripe,"  starting  at  the 

bottom  and  progressing  upward.     This  procedure  is  called  ^priming 

and  in  a  normal  season  five  or  more  primings  are  taken  from  each 

plant.     It  is  obvious,  therefore,  that  weather  conditions  prior  to  a 

priming  may  influence  the  composition  of  the  leaves.     The  moisture 

content  of  the  soil  has  a  great  deal  to  do  with  the  absorption  of  mineral 

nutrients  by  plants  and  in  this  connection  it  should  be  remembered 

that  above-normal  rainfall  was  experienced  in  1938  while  rainfall  was 

below  normal  in  1939. 
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SUMMARY  AND  CONCLUSIONS 


Samples  of  bright  leaf  cigarette  tobacco  were  obtained  from  each  of 
eight  experimental  plots  where  potash  was  the  only  variable  in  the 
individualfertilizer treatments,  ranging  from  none  to  300  pounds  per 
acre  Samples  were  taken  from  both  the  1938  and  1939  crops  and 
divided  into  three  groups  according  to  their  position  on  the  stalk,  as 
bottom,  middle,  and  top  leaves.  Only  the  best  quality  samples  of  the 
1938  crop  were  analyzed,  but  in  1939  analyses  were  made  of  both  scrap 
and  best  qualitv.     From  the  results  obtained  it  may  be  concluded: 

(1)  When  the  quantity  of  potassium  avadable  to  the  plants  is  low, 
a  neater  concentration  of  this  element  occurs  in  the  upper  leaves,  and 
the  content  of  reducing  materials,  including  glucose,  is  quite  low  in 

all  the  leaves.  ,       t  ^     £  ^\        ^     ^    - 

(2)  When  the  quantity  of  potash  at  the  disposal  ot  the  plants  is 
satisfactory,  there  is  a  more  or  less  uniform  concentration  of  this 
element  in  the  bottom,  middle,  and  top  leaves  and  the  production  of 
reducing  materials  attains  a  maximum.  During  the  season  ol  1938 
these  conditions  prevailed  where  potash  was  applied  at  the  rate  ol  90 

pounds  per  acre.  i      .        •      ^  •  i 

(3)  Extremely  large  applications  of  potash  give  rise  to  an  increased 
absorption  of  this  element,  with  a  larger  accumulation  in  the  bottom 
leaves  Under  the  conditions  of  these  experiments,  such  applications 
of  potash,  improperly  balanced  in  respect  to  oihcr  nutru^nt  materials 
failed  to  show  any  further  favorable  influence  on  the  production  ol 
reducing  materials  than  that  observed  in  plants  receiving  adequate 
potash  fertilization.  ,  .  . 

(4)  Under  the  conditions  of  these  experiments,  a  nitrogen/potassium 
ratio  of  from  0.8  to  1.1  appears  to  be  highly  desirable.  Leaves  of 
tobacco  plants  grown  under  these  varied  conditions  showed  a  nitrogen/ 
potassium  ratio  ranging  from  0.5  to  3.9.  Neither  extreme  was  found 
to  be  associated  with  good  quality.  ,noo  4- 

Desirable  nitrogen/potassium  ratios  were  obtained  in  1938  Iroin 
applications  of  from  60  to  120  pounds  of  potash,  while  desirab  e 
nitrogen/potassium  ratios  were  obtained  in  1939  from  60  to  90  pounds 
of  potash  applied  on  the  basis  of  1  acre,  which  may  be  attributed  in 
large  measure  to  seasonal  differences. 
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The  results  of  early  studies  (1,  2,  3)  concerning  the  influence  of  diet  upon 
the  antiscorbutic  potency  of  cow's  milk,  appeared  to  indicate  that  the  vita- 
min C  content  of  the  milk  paralleled  that  of  the  ration.  During  the  same 
period,  however,  findings  were  reported  (4)  which  led  to  the  opposite  con- 
clusion, namely,  that  the  ration  received  by  cows  had  no  influence  on  the 
antiscorbutic  potency  of  their  milk. 

Since  the  development  of  chemical  methods  for  the  quantitative  deter- 
mination of  the  antiscorbutic  factor,  which  was  shown  to  be  ascorbic  acid, 
further  diiferences  of  opinion  have  arisen  concerning  the  factors  which 
influence  the  vitamin  C  content  of  cow's  milk.  As  a  result  of  recent  work 
(5,  6,  7)  the  influence  of  breed  and  stage  of  lactation  have  been  emphasized. 
Several  workers  (5,  8,  9)  have  attributed  variations  in  the  ascorbic  acid 
content  of  milk  to  the  season  of  the  year.  Other  investigators  (10,  11,  12, 
13,  14)  have  concluded  that  the  vitamin  C  content  of  cow's  milk  tends  to  be 
quite  constant  and  is  independent  of  the  ration  of  the  cow.  Opposed  to  this 
view  are  those  who  still  contend  that  the  ascorbic  acid  content  of  the  diet  is 
a  factor  which  cannot  be  ignored  (6,  15). 

A  number  of  investigators  have  suggested  that  the  cow  is  able  to  syn- 
thesize vitamin  C  (9, 13  ,16, 17,  18, 19) .  How  or  where  this  synthesis  occurs 
is  not  understood,  although  one  investigator  (30)  has  claimed  that  the 
vitamin  C  of  cow's  milk  is  synthesized  by  the  udder  parenchyma  and  that 
the  synthesis  depends  largely  upon  the  condition  of  the  udder. 

The  failure  of  numerous  experiments  involving  standard  dairy  rations 
to  establish  clearly  and  conclusively  the  importance  of  the  ascorbic  acid 
content  of  the  diet  with  regard  to  the  amount  of  the  vitamin  in  the  milk, 
made  it  seem  desirable  to  repeat  previous  work,  but  to  alter  the  procedure 
by  supplementing  standard  rations  with  known  amounts  of  pure  synthetic 
ascorbic  acid.  Moreover,  it  was  desired  to  increase  the  significance  of  cus- 
tomary milk  ascorbic  acid  analyses  by  determining,  simultaneously,  the 
amount  of  ascorbic  acid  in  the  blood  and  in  24-hour  samples  of  urine. 
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If,  in  the  above  proposed  studies,  it  could  be  shown  conclusive!}^  that  the 
vitamin  C  content  of  milk  is  independent  of  the  ration  of  the  cow,  it  was 
hoped  that  some  explanation  could  be  obtained  for  the  anomalous  results 
just  mentioned.  It  was  desired,  for  example,  to  find  new  evidence  for  the 
synthesis  of  ascorbic  acid  in  the  cow.  Further,  it  was  hoped  that  some  clue 
might  be  found  regarding*  both  the  metabolic  fate  of  ascorbic  acid  and  the 
factors  which  influence  its  elimination  from  the  body  in  the  milk  and  in  the 
urine. 

EXPERIMENTAL 

Methods  and  Apparatus.  One  or  both  of  two  chemical  methods  of  esti- 
mation were  used  in  all  ascorbic  acid  analyses.  These  were  the  Tillmans 
titration  method  (20)  employing  standard  2,6-dichlorobenzenoneindophenol, 
and  the  newer  Hoe  furfural  method  (21),  which  estimates  total  ascorbic 
acid  (both  reduced  and  reversibly  oxidized  ascorbic  acid). 

Milk  samples  were  taken  in  a  special  apparatus  which  has  been  shown 
to  preserve  all  of  the  ascorbic  acid  of  the  milk  in  the  reduced  form  (22). 
The  use  of  this  apparatus  permitted  the  quantitative  determination  of  the 
vitamin  by  the  convenient  indophenol  titration  method. 

Blood  samples  were  taken  in  the  conventional  oxalated  tubes  under 
paraffin  oil.  For  each  test,  20  to  30  ml.  of  blood  were  taken  from  the  jugular 
vein  of  the  cow\  As  soon  as  the  sample  was  obtained,  the  collection  appara- 
tus was  placed  inside  a  dark  glass  receptacle  containing  ice  and  water  and 
was  taken  immediately  to  the  laboratory  for  analysis.  Essentially  the 
Farmer  and  Abt  macro-method  (23)  for  plasma  ascorbic  acid  was  used  for 
routine  blood  analysis. 

Successful  collections  of  the  total  24-hour  urinary  excretion,  free  from 
fecal  contamination,  were  made  by  employing  a  special  rubber  urine  tube 
developed  by  Forbes  and  coworkers  (24).  The  18-liter  carboys,  which  were 
used  as  receivers  in  the  collection  apparatus,  were  painted  black  to  exclude 
light  and  were  charged  with  enough  glacial  acetic  acid  to  give  a  final  concen- 
tration of  about  5  per  cent  by  volume.  Addition  of  stick  metaphosphoric 
acid  to  the  acetic  acid  appeared  to  give  no  better  results  than  when  acetic 
acid  was  used  alone ;  consequently,  the  addition  of  metaphosphoric  acid  was 
discontinued.  In  urinary  ascorbic  acid  analyses,  both  the  indophenol  titra- 
tion and  the  Roe  furfural  method  were  employed,  with  the  exception  of  the 
earliest  w^ork  on  one  of  the  cows  which  was  done  before  the  furfural  tech- 
nique had  been  reported.  This  double  analysis  seemed  desirable  in  view  of 
the  lack  of  unanimity  among  various  workers  concernin<^  the  specificity  of 
present  methods  for  the  determination  of  ascorbic  acid  in  urine.  Moreover, 
it  appeared  probable  that  some  of  the  vitamin  would  be  unavoidably  oxidized 
to  dehydroascorbic  acid  during  the  collection  of  a  24-hour  sample.  Such  has 
since  been  shown  to  be  true  with  human  urine  (25).     The  furfural  method 
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is  particularly  valuable  in  this  case  because  it  determines  both  dehydro-  and 

reduced  ascorbic  acids.  ,    . 

It  was  recognized  at  the  outset  that  it  would  be  desirable  to  elnnniate 
from  the  projected  work  the  effect  of  breed  differences  by  limiting  the  experi- 
ments to  one  breed  of  dairy  cow.  Holstein  cows  were  eventually  chosen, 
largely  because  they  were  available  for  experimental  purposes  at  the  tmie 

this  work  was  started. 

Effect  of  a  Standard  Ration.  In  order  to  have  values  which  might  later 
be  used  to  compare  with  those  obtained  during  administration  of  ascorbic 
acid,  each  cow  was  maintained  on  a  standard  ration  for  an  interval  of  time 
duriiig  which  analyses  were  made  to  determine  the  concentrations  of  ascorbic 
acid  in  the  blood,  the  milk,  and  the  urine.  The  averages  of  the  values 
obtained  during  typical  five-day  test  periods  are  given  in  table  1.     Five-day 

TABLE  1 

Summary  of  results  obtained  when  Holstein  cotvs  were  fed  a  standard  ration  and  when 
they  were  fed  a  standard  ration  supplemented  with  ascorbic  acid 


S.  R. 


Mg.  ascorbic  acid  per  ml.  milk 

Mg.  ascorbic  acid  per  100   ml.  plasma 

Mg.  ascorbic  acid  per  day    in   urine — 

Indophenol  titration  

Furfural  method  


0.019 
0.53 


45.7 
910.5 


0.021 
0.58 


52.7 
833.1 


G.C. 


0.021 
0.50 


54.1 
643.5 


D. 


0.020 
0.48 

26.8 


S.  E. — Standard  ration.  v  •         •  i    ..i^^A 

C.  S.— Standard  ration  supplemented  with  50  to  100  grams  of  ascorbic  acid  nuxed 

with  corn  silage.  „  .  ,  .  •  j    -^    «^i«+;« 

G.  C— Standard  ration   supplemented  with   50   grams   of   ascorbic   acid  in  gelatin 

''''^^D?— Standard  ration  supplemented  with  50  grams  of  ascorbic  acid  administered  by 
drenching.  ^^^^^^  ^^^^^  ^^^  ^^^^^  ^  represent  the  averages  obtained  in  experiments  employ- 
ing from  two  to  four  cows,  except  in  the  case  of  the  ascorbic  acid  administered  by  drench- 
ing, where  the  values  are  from  an  experiment  with  a  single  cow. 

sampling  periods  were  considered  representative  for  any  diet,  in  view  of  the 
fact  that  all  cows  received  a  particular  ration  for  several  days,  or  even  weeks, 
prior  to  the  actual  collection  of  samples. 

Effect  of  Ascorbic  Acid  Added  to  Corn  Silage,  In  choosing  methods  for 
administration  of  massive  amounts  of  ascorbic  acid,  it  was  decided  to  admin- 
ister some  of  the  vitamin  mixed  with  a  small  amount  (3-5  pounds)  of  corn 
silage.  It  was  found  that  50-200  grams  (1,000,000^,000,000  International 
Units)  of  ascorbic  acid  placed  in  such  a  mixture  were  consumed  by  a  cow 
in  a  period  of  about  10  minutes.     In  contrast,  ascorbic  acid  mixed  with  grain 

was  eaten  very  slowly,  if  at  all. 

Experimental  periods  were  designed  to  include  a  two-day  interval  during 
which  the  cow  received  the  standard  ration  alone,  followed  by  a  three-day 
period  during  which  she  received  the  standard  ration  supplemented  each  day 
with  a  certain  amount  of  crystalline  ascorbic  acid  mixed  with  corn  silage, 
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which  was  succeeded  by  a  post-administrative  period  of  two  days  during 
which  the  animal  again  received  only  the  standard  ration.  The  same  pro- 
cedure was  used  in  subsequent  experiments  during  which  the  ascorbic  acid 
was  administered  in  gelatin  capsules  and  by  drenching.  The  data  from 
such  experimental  periods  are  summarized  in  table  1. 

From  a  comparison  of  values  in  table  1,  it  is  apparent  that  supplements 
of  ascorbic  acid  administered  by  three  different  methods  had  no  significant 
influence  upon  the  concentrations  of  ascorbic  acid  in  the  blood,  milk,  or  urine 
of  the  cows  used  in  these  experiments. 

Efect  of  Ascorbic  Acid  Injected  Intravenouslij.  Rasmussen  and  cowork- 
ers (26)  reported  that  intravenous  injection  of  ascorbic  acid  resulted  in  a 
marked  temporary  rise  in  the  vitamin  C  content  of  the  milk  of  the  ewe  and 
cow.  It  was  desired  to  repeat  this  work  and  to  enlarge  upon  it  by  making 
analyses  of  blood  and  urine  as  well  as  of  milk.  Therefore,  experiments 
were  performed  during  which  ascorbic  acid  was  injected  into  the  blood 
stream  via  the  jugular  vein.  24  grams  of  crystalline  ascorbic  acid,  dis- 
solved in  sterile  water,  were  given  in  this  manner  on  each  of  two  or  three 
successive  days.  The  effect  of  these  ascorbic  acid  injections  w^as  studied 
with  three  cows  with  corresponding  results.  Typical  values  are  given  for 
one  of  the  cows  in  table  2. 

TABLE  2 

Concentration  of  ascorbic  acid  in  the  hlood,  the  milk,  and  in  the  urine  of  a  UoUtein  cow 
during  feeding  of  a  standard  ration  supplemented  with  intravenous 

injections  of  ascorbic  acid 


Mg.   ascorbic  acid 
per  100  ml.  plasma 

Mg.   ascorbic  acid 
per  ml.  milk 

Mg.   urinary   ascorbic 
acid   per   day 

Day 

Indophenol 
titration 

Furfural 
method 

1 

0.58 

0.021 

24.3 

611.1 

2 

0.58 

0.020 

34.6 

241.5 

3» 

2.74** 

0.020 
0.019 
0.022 

6922.9 

13311.8 

4» 

4.42** 

0.024 
0.028 
0.028 

9870.0 

13632.6 

5» 

4.86** 

0.030 
0.029 
0.027 

14715.2 

18194.0 

6 

0.86 

0.028 
0.025 
0.022 

8813.6 

20923.8 

7 

0.021 

161.2 

604.7 

8 

• 

0.020 

117.8 

982.8 

*  24  grams  of  ascorbic  acid  dissolved  in  100  ml.  of  sterile  water  were  injected  into 
the  jugular  vein.  The  multiple  values  for  milk  ascorbic  acid  represent  each  of  the  three 
daily  milking  periods. 

**  Blood  analyses  were  made  on  samples  taken  1^  hours  after  injection  of  ascorbic 
acid. 
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The  intravenous  injection  of  ascorbic  acid  produced  unmistakable  in- 
creases in  the  concentration  of  that  vitamin  in  the  milk  and  urine  as  w^ell 
as  in  the  blood.  A  very  large  portion  of  the  injected  ascorbic  acid  which 
could  be  accounted  for  appeared  in  the  urine.  In  the  case  of  one  cow,  this 
amounted  to  over  ninety  per  cent  of  the  total  ascorbic  acid  injected.  These 
results  correspond  closely  to  those  recently  reported  (31)  for  experiments  in 
which  ascorbic  acid  was  injected  into  goats. 

Effect  of  Ascorbic  Acid  Injected  Stibcutaneously.  The  experiments  de- 
scribed thus  far  seemed  to  indicate  that  ascorbic  acid  administered  by  non- 
injection  methods  never  reached  the  blood  stream  in  significant  amounts. 
Further,  data  from  the  intravenous  injection  experiments  showed  that  the 
concentration  of  ascorbic  acid  in  the  milk  was  definitely  increased  if  large 
amounts  of  the  vitamin  reached  the  blood  stream.  In  order  to  further  sub- 
stantiate these  findings,  it  was  desired  to  administer  some  ascorbic  acid  by  a 
method  which  would  not  place  the  vitamin  directly  in  the  blood  stream  but 
which  would  insure  the  ultimate  arrival  of  large  amounts  in  the  circulation. 
Such  a  purpose  was  accomplished  by  setting  up  an  experiment  in  which 
ascorbic  acid  was  injected  subcutaneously  in  regions  around  the  cow's 
forelegs. 

The  effect  of  the  subcutaneous  injections  of  ascorbic  acid  closely  re- 
sembled that  of  the  intravenous  injections.  The  influence  of  the  subcu- 
taneous injections  upon  blood,  milk,  and  urinary  ascorbic  acid  values  was 
more  gradual  and  somewhat  less  pronounced  than  in  the  case  of  the  intra- 
venous injections.  During  the  course  of  three  successive  daily  injections 
of  24  grams  of  ascorbic  acid,  the  ascorbic  acid  titer  of  the  milk  was  raised 
from  0.020  to  0.027  mg.  per  ml.  and  that  of  the  urine  from  600  to  a  peak  of 
15,000  mg.  per  day. 

Studies  with  a  Rumen  Fistida.  At  this  point  in  the  experiments  it 
appeared  to  be  almost  certain  that  the  failure  of  massive  amounts  of  ingested 
ascorbic  acid  to  influence  the  concentration  of  the  vitamin  in  the  milk  or  to 
significantly  alter  its  concentration  in  the  blood  and  urine,  could  be  attrib- 
uted to  a  destruction  of  this  substance  in  the  rumen.  To  investigate  this 
possibility,  a  rumen  fistula  was  created  in  one  of  the  cows.  With  this  per- 
manent opening  leading  directly  into  the  largest  compartment  of  the  cow's 
stomach,  it  was  possible  to  study  the  fate  of  ingested  ascorbic  acid  by  removal 
and  analysis  of  partially  digested  food  at  intervals  after  feeding. 

A  rapid  and  pronounced  destruction  of  ascorbic  acid  in  the  rumen  was 
demonstrated  by  removal  and  analysis  of  samples  of  the  rumen  contents  at 
regular  intervals  after  feeding  supplements  of  ascorbic  acid  and  after  inser- 
tion of  the  vitamin  directly  into  the  rumen.  During  such  periods,  the  aver- 
age concentrations  of  ascorbic  acid  in  the  blood  plasma,  in  the  milk,  and  in 
the  urine  were  respectively  0.42  mg.  per  100  ml.,  0.019  mg.  per  ml,  and 
1260.5  mg.  per  day,  values  which  do  not  differ  significantly  from  those 
obtained  during  feeding  of  a  standard  ration  alone. 
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The  disappearance  of  ascorbic  acid  from  the  rumen  contents  during  an 
experiment  in  which  150  grams  of  ascorbic  acid  were  fed  is  shown  graphi- 
cally in  figure  1.  A  preliminary  report  on  this  experiment  has  been  given 
elsewhere  (32). 


FIGURE    I 

CONCENTRATION     OF   ASCORBIC  ACID    IN 
RUMEN    JUICE*  OF  A    COW  FED  150  GRAMS 
OF  ASCORBIC  ACID:    AND  IN  VITRO    LOSS 
OF  ASCORBIC  ACID  ADDED  TO   RUMEN  JUICE 


In    Vivo  Experiment 
In   Vitro    Experiment 


0 

HOURS 
*  By  the  term  ''rumen  juice '*  is  meant  the  liquid  portion  of  rumen  contents. 

In  order  to  demonstrate  that  volume  changes  were  not  responsible  for  the 
pronounced  decrease  in  the  ascorbic  acid  concentration  of  the  rumen  con- 
tents as  shown  above,  an  experiment  was  performed  in  the  laboratory  with 
a  controlled  volume  of  rumen  contents.  1000  ml.  of  rumen  contents,  from 
which  the  coarse  particles  of  feed  had  been  removed  by  straining  through 
cheesecloth,  were  placed  in  a  dark-glass,  wide-mouth  bottle.  To  this  mix- 
ture, which  had  a  pH  of  6.50,  was  added  1000  mg.  of  crystalline  ascorbic 
acid.  After  thoroughly  mixing  the  contents,  the  bottle  was  loosely  stop- 
pered and  placed  in  a  water  bath  maintained  at  a  temperature  of  39°  to 
42°  C.     At  intervals,  samples  were  removed  for  analysis. 

Figure  1  shows  that  the  ascorbic  acid  disappeared  just  as  it  had  in  the 
in  vivo  experiments  with  the  exception  that  the  in  vitro  decrease  proceeded 
at  a  more  gradual  rate.  This  slower  rate  of  destruction  of  ascorbic  acid  in 
the  in  vitro  experiment  as  compared  to  the  in  vivo  experiments  seems  readily 
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explained  by  the  absence  of  the  continual  stirring  and  the  circulation  of 
gases  so  characteristic  of  the  rumen. 

DISCUSSION  OF  RESULTS 

State  of  Ascorbic  Acid  in  Urine.  As  soon  as  the  furfural  method  was 
applied  to  the  urine  analyses  it  became  apparent  that  the  results  obtained 
ranged  from  one  and  a  half  to  thirty  times  as  high  as  those  obtained  by  the 
indophenol  titration.  During  injections  of  ascorbic  acid,  however,  tbis  dis- 
crepancy narrowed  to  a  point  where,  in  some  cases,  the  results  obtained  by 
the  two  methods  almost  coincided.  These  facts,  together  with  the  knowledge 
that  the  indophenol  and  furfural  methods  of  analysis  checked  well  when 
applied  to  24-hour  samples  of  rat  urine  collected  under  similar  conditions 
(33),  suggested  that  important  amounts  of  the  ascorbic  acid  excreted  daily 
by  a  cow  on  a  standard  ration  were  excreted  in  the  form  of  dehydroascorbic 
acid.  In  order  to  test  this  hypothesis,  samples  of  urine  were  collected  as 
they  were  excreted  and  analyzed  at  once.     Table  3  gives  the  results  obtained 

TABLE  3 
Eeduccd  and  oxidised  ascorbic  acid  in  cow's  urine  immediately  following  urination 


Cow  No. 


Eeduced  ascorbic  acid 

Mg^.  per  liter 

Indophenol  titration 


Total  ascorbic  acid 

Mg.  per  liter 

Furfural  method 


1 

20.9 

17.0 

2 

3.3.2 

25.4 

3 

19.7 

18.2 

4 

10.1 

10.3 

5 

27.7 

25.1 

6 

27.6 

25.4 

7 

53.1 

48.1 

8 

40.1 

43.3 

9 

21.5 

19.0 

10 

31.0 

29.6 

from  Holstein,  Jersey,  Brown  Swiss,  and  Ayrshire  cows.  These  findings 
seem  to  indicate  that  all  the  ascorbic  acid  excreted  in  the  urine  of  the  dairy 
cow  is  in  the  reduced  form.  The  greater  values  obtained  in  eight  out  of  ten 
cases  by  the  indophenol  method  are  readily  explained  by  the  recognized 
tendency  to  go  beyond  the  endpoint,  which  is  obscured  to  an  extent  propor- 
tional to  the  concentration  of  the  urine  pigments.  The  greater  values 
obtained  by  the  furfural  method  for  24-hour  samples  of  urine  must  indicate, 
therefore,  that  variable  amounts  of  the  excreted  ascorbic  acid  are  oxidized 
to  dehydroascorbic  acid  during  the  interval  between  excretion  and  analysis, 
or  that  the  urine  contains  appreciable  amounts  of  non-ascorbic  acid  furfural 
precursors  capable  of  forming  a  derivative  with  2,4-dinitrophenylhydrazine. 
Tests  for  the  latter  interfering  substances  were  made  repeatedly  and  in  no 
case  showed  the  presence  of  concentrations  sufficiently  large  to  interfere  with 
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the  method.  Consequently,  it  may  be  concluded  that  while  all  the  ascorbic 
acid  excreted  in  the  urine  is  originally  in  the  reduced  form,  some  of  it  is 
oxidized  to  dehydroascorbic  acid  under  the  conditions  involved  in  the  collec- 
tion of  a  24-hour  sample  of  urine. 

Destruction  of  Ascorbic  Acid  in  the  Rumen,     Several  explanations  might 
be  given  for  the  rapid  and  pronounced  disappearance  of  ascorbic  acid  from 
the  rumen  after  oral  administration  of  massive  amounts  of  the  vitamin.     It 
might  be  argued  that  the  large  amounts  observed  in  the  first  two  or  three 
samples  represented  stages  in  the  incomplete  mixing  of  the  ascorbic  acid 
with  rumen  contents.     Changes  in  the  concentration  of  the  rumen  ascorbic 
acid  could  also  be  attributed  to  an  intake  of  water  by  the  animal,  or  by  a 
passage  of  a  portion  of  the  rumen  contents  to  other  chambers  of  the  stomach. 
Another  interpretation  of  the  findings  is  that  the  very  soluble  vitamin 
was  rapidly  absorbed.     This  has  been  suggested  by  Riddell  and  Whitnah 
(27).     These  workers  studied  the  fate  of  vitamin  C  in  the  rumen  contents 
of  a  cow  with  a  rumen  fistula  and  in  a  steer  at  slaughter.     In  each  case  the 
rumen  contents  were  found  to  contain  less  than  one-tenth  the  vitamin  C  of 
green  rye  ingested  twelve  hours  earlier.     These  workers  explained  the  rapid 
disappearance  of  ascorbic  acid  from  the  rumen  by  suggesting  that  ascorbic 
acid  was  rapidly  absorbed.     The  basis  for  this  suggestion  was  the  observa- 
tion of  a  temporary  doubling  of  the  vitamin  C  content  of  the  blood  within 
12  hours  and  a  fivefold  increase  in  the  ascorbic  acid  content  of  the  urine 
within  60  hours  after  green  feed  was  first  supplied. 

The  most  plausible  explanation,  however,  and  the  one  demanded  by  our 
experimental  data,  is  that  a  rapid  and  pronounced  destruction  of  ingested 
ascorbic  acid  occurs  in  the  rumen.  Thus,  while  the  other  factors  which  have 
been  mentioned  undoubtedly  have  some  influence  on  the  results  observed,  it 
is  hardly  likely  that  they  account  for  changes  of  the  magnitude  indicated  in 
figure  1. 

The  incomplete  mixing  theory  is  especially  inadequate.  When  a  cow  is 
eating,  the  rumen  contracts  about  three  times  per  minute  and  each  contrac- 
tion causes  a  flow  of  liquid  throughout  the  rumen  and  its  solid  contents. 
While  figure  1  indicates  that  the  first  sample  was  removed  at  zero  time,  it 
was  actually  taken  about  five  minutes  after  the  animal  had  eaten  the  last  of 
the  ascorbic  acid  treated  silage  or  15  minutes  after  she  had  started  to  eat. 
This  means  that  the  ascorbic  acid  had  been  subjected  to  15  to  45  contractions 
of  the  rumen.  Further,  when  the  cow  was  slaughtered,  it  was  found  that 
the  rumen  contained  38  liters  of  liquid  or  semi-liquid  material.  If  150 
grams  of  ascorbic  acid  were  thoroughly  distributed  throughout  this  liquid, 
there  should  be  a  concentration  equivalent  to  about  400  mg.  per  100  ml.  of 
juice.  Figure  1  indicates  that  the  concentration  of  ascorbic  acid  in  the 
juice,  as  shown  by  analysis  of  the  first  sample  removed,  was  about  185  mg. 
per  100  ml.  of  juice.  From  these  facts,  it  would  appear  that  fairly  complete 
mixing  had  occurred,  accompanied  by  extensive  destruction  of  the  vitamin. 
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Observations  of  this  and  other  dairy  cows  show  that  they  drink  water 
infrequently.  It  is  difficult  to  say  how  much  and  how  often  liquid  material 
passes  permanently  from  the  rumen  into  other  compartments  of  the  stomach. 
Ewing  and  Wright  (28),  working  with  steers,  found  that  the  average  rate 
of  passage  of  food  residues  through  the  rumen  and  reticulum  was  61  hours. 
In  any  event,  credence  in  the  volume-change  explanation  for  the  disappear- 
ance of  ascorbic  acid  from  the  rumen  is  seriously  discounted  by  the  results 
of  in  vitro  constant-volume  experiments  such  as  shown  in  figure  1. 

Indirect  evidence  that  ingested  ascorbic  acid  is  largely  destroyed  in  the 
rumen  rather  than  being  rapidly  absorbed  is  given  in  the  blood,  milk,  and 
urine  ascorbic  acid  values,  which,  with  the  possible  exception  of  the  urine, 
show  no  response  to  the  feeding  of  50  grams  or  more  of  ascorbic  acid.  Why 
there  is  always  a  small  amount  of  ascorbic  acid  in  the  rumen,  as  there  appears 
to  be,  is  difficult  to  explain.  Possibly  the  release  of  this  vitamin  from  solid 
feed  fragments  proceeds  gradually  and  at  a  rate  slightly  higher  than  the  rate 
of  destruction.  We  hope  to  continue  the  study  of  the  factors  responsible 
for  the  destructive  effects  described. 

In  the  light  of  the  demonstrated  destruction  of  ascorbic  acid  in  the 
rumen,  it  becomes  clear  why  various  methods  of  oral  administration  of  the 
vitamin  failed  to  produce  a  response  in  the  milk  or  other  body  fluids.  If 
the  ascorbic  acid  administered  in  gelatin  capsules  had  been  able  to  survive 
rumen  conditions  and  reach  other  compartments  of  the  stomach,  it  seems 
likely  that  other  results  might  have  been  obtained,  for  the  ascorbic  acid  con- 
tent of  the  milk  of  non-ruminating  animals,  e.g.,  guinea  pigs  (26)  and 
humans  (8,  29),  has  been  showTi  to  be  influenced  by  diet.  In  work  with 
the  rumen  fistula,  however,  it  was  found  that  gelatin  capsules  were  dissolved 
and  the  ascorbic  acid  was  released  after  10-15  minutes  in  the  rumen. 

SUMMARY 

1.  Special  equipment  was  employed  which  permitted  the  complete  col- 
lection from  dairy  cows  of  24-hour  samples  of  urine  free  from  any  fecal 
contamination.  It  was  found  impractical,  if  not  impossible,  to  preserve  all 
the  ascorbic  acid  in  such  urine  samples  in  the  reduced  form. 

2.  By  the  simultaneous  application  of  the  indophenol  titration  and  the 
furfural  method  of  analysis  to  freshly  excreted  samples  of  urine,  it  was  pos- 
sible to  show  that  ascorbic  acid  is  excreted  in  cow's  urine  in  the  reduced  form. 

3.  Analysis  of  over  50  samples  of  blood  obtained  from  four  Holstein  cows 
showed  that  the  ascorbic  acid  content  of  the  plasma  ranged  from  0.43  to  0.62 
mg.  per  100  ml.  when  the  cows  received  standard  dairy  rations. 

4.  Ascorbic  acid  was  administered  to  Holstein  cows  (a)  mixed  with  a 
small  amount  of  corn  silage,  (b)  in  gelatin  capsules,  (c)  in  aqueous  solution, 
(d)  intravenous  injection,  and  (e)  by  subcutaneous  injection.  Administra- 
tion of  as  high  as  100  grams  (2,000,000  International  Units)  of  ascorbic  acid 
per  day  for  three  days  by  a  non-injection  method  failed  to  increase  the  ascor- 
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bic  acid  concentration  of  the  milk  or  blood  and  had  only  a  slight  effect  on 
the  concentration  of  the  vitamin  in  the  urine.  It  was  only  by  the  injection 
methods  that  a  significant  increase  in  the  ascorbic  acid  concentrations  of  the 
blood,  milk,  and  urine  could  be  demonstrated.  The  greatest  increase  in  milk 
ascorbic  acid  concentration  during  experiments  in  which  24  grams  of  ascor- 
bic acid  were  injected  intravenously  on  each  of  three  successive  days,  was 
from  20  mg.  per  liter  to  30  mg.  per  liter. 

5.  A  rumen  fistula  was  made  in  a  Holstein  cow.  Experiments  were  per- 
formed in  which  this  cow  was  fed  as  much  as  150  grams  (3,000,000  Interna- 
tional Units)  of  synthetic  ascorbic  acid  at  one  time;  similar  amounts  were 
also  placed  directly  in  the  rumen  through  the  fistula  opening.  A  rapid  and 
pronounced  destruction  of  ascorbic  acid  in  the  rumen  was  demonstrated  by 
removal  and  analysis  of  samples  of  the  rumen  contents  at  regular  intervals. 
Ascorbic  acid  added  to  rumen  contents  in  vitro  and  stored  in  a  dark-glass, 
stoppered  receptacle  at  39^-42°  C.  disappeared  at  much  the  same  rate  as 
that  of  the  in  vivo  experiments.  In  making  analyses,  both  the  indophenol 
titration  and  the  Roe  furfural  method  were  employed. 
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The  disappearance  of  ascorbic  acid  from  the  rumen  contents  during  an 
experiment  in  which  150  grams  of  ascorbic  acid  were  fed  is  shown  graphi- 
cally in  figure  1.  A  preliminary  report  on  this  experiment  has  been  given 
elsewhere  (32). 


FIGURE    1 

CONCENTRATION     OF   ASCORBIC  ACID    IN 
RUMEN    JUICE*  OF  A    COW  FED  150  GRAMS 
OF  ASCORBIC   ACID:    AND  IN  VITRO    LOSS 
OF  ASCORBIC  ACID  ADDED  TO   RUMEN  JUICE 


In    Vivo  Experiment 
In   Vitro    Experiment 


! 


4  5  6  7 


0 

HOURS 
*  By  the  term  *' rumen  juice*'  is  meant  the  liquid  portion  of  rumen  contents. 

In  order  to  demonstrate  that  volume  changes  were  not  responsible  for  the 
pronounced  decrease  in  the  ascorbic  acid  concentration  of  the  rumen  con- 
tents as  shown  above,  an  experiment  was  performed  in  the  laboratory  with 
a  controlled  volume  of  rumen  contents.  1000  ml.  of  rumen  contents,  from 
which  the  coarse  particles  of  feed  had  been  removed  by  straining  through 
cheesecloth,  were  placed  in  a  dark-glass,  wide-mouth  bottle.  To  this  mix- 
ture, which  had  a  pH  of  6.50,  was  added  1000  mg.  of  crystalline  ascorbic 
acid.  After  thoroughly  mixing  the  contents,  the  bottle  was  loosely  stop- 
pered and  placed  in  a  water  bath  maintained  at  a  temperature  of  39°  to 
42°  C.     At  intervals,  samples  were  removed  for  analysis. 

Figure  1  shows  that  the  ascorbic  acid  disappeared  just  as  it  had  in  the 
in  vivo  experiments  with  the  exception  that  the  in  vitro  decrease  proceeded 
at  a  more  gradual  rate.  This  slower  rate  of  destruction  of  ascorbic  acid  in 
the  in  vitro  experiment  as  compared  to  the  in  vivo  experiments  seems  readily 
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explained  by  the  absence  of  the  continual  stirring  and  the  circulation  of 
gases  so  characteristic  of  the  rumen. 

DISCUSSION  OF  RESULTS 

State  of  Ascorbic  Acid  in  TJrine.     As  soon  as  the  furfural  method  was 
applied  to  the  urine  analyses  it  became  apparent  that  the  results  obtained 
ranged  from  one  and  a  half  to  thirty  times  as  high  as  those  obtained  by  the 
indophenol  titration.     During  injections  of  ascorbic  acid,  however,  this  dis- 
crepancy narrowed  to  a  point  where,  in  some  cases,  the  results  obtained  by 
the  two  methods  almost  coincided.     These  facts,  together  with  the  knowledge 
that  the  indophenol  and  furfural  methods  of  analysis  checked  well  when 
applied  to  24-hour  samples  of  rat  urine  collected  under  similar  conditions 
(33),  suggested  that  important  amounts  of  the  ascorbic  acid  excreted  daily 
by  a  cow  on  a  standard  ration  were  excreted  in  the  form  of  dehydroascorbic 
acid.     In  order  to  test  this  hypothesis,  samples  of  urine  were  collected  as 
they  were  excreted  and  analyzed  at  once.     Table  3  gives  the  results  obtained 

TABLE  3 
Seduced  and  oxidized  ascorUc  acid  in  cow 's  urine  immediately  following  urination 


Cow  No. 


1 

8 
3 
4 
5 
6 
7 
8 
9 
10 


Eeduced  ascorbic  acid 

Mg.  per  liter 

Indophenol  titration 


Total  ascorbic  acid 

Mg.  per  liter 

Furfural  method 


20.9 

17.0 

33.2 

25.4 

19.7 

18.2 

10.1 

10.3 

27.7 

25.1 

27.6 

25.4 

53.1 

48.1 

40.1 

43.3 

21.5 

19.0 

31.0 

29.6 

from  Holstein,  Jersey,  Brown  Swiss,  and  Ayrshire  cows.  .These  find  ngs 
seem  to  indicate  that  all  the  ascorbic  acid  excreted  m  the  unne  of  the  da  ry 
cow  is  in  the  reduced  form.  The  greater  values  obtamed  m  eight  out  of  ten 
cases  by  the  indophenol  method  are  readily  explained  by  the  recognized 
LTdency  to  go  bey'ond  the  endpoint,  which  is  obscured  to  an  ex  -t  ProP^^^^^ 
tional  to  the  concentration  of  the  urine  pigments.  The  greater  values 
obtained  bv  the  furfural  method  for  24-hour  samples  of  urine  must  indicate 
tXe  that  variable  amounts  of  the  excreted  ascorbic  acid  are  oxidized 
to  delrd  oascorbic  acid  during  the  interval  between  excretion  and  analysis 
or  that  the  urine  contains  appreciable  amounts  of  non-ascorbic  acid  furfural 
or  that  tne  urine  c  J'       ^    j^^tive  with  2,4-dinitrophenylhydrazme. 

precursors  capable  of  l^''^''!^\'^'''l^^^^  ^^re  made  repeatedly  and  in  no 
Tests  for  the  latter  interfering  substances  ^ere  y        juterfere  with 

case  showed  the  presence  of  concentrations  sufficiently  large  to  intertere  wit 
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the  method.  Consequently,  it  may  be  concluded  that  while  all  the  ascorbic 
acid  excreted  in  the  urine  is  originally  in  the  reduced  form,  some  of  it  is 
oxidized  to  dehydroascorbic  acid  under  the  conditions  involved  in  the  collec- 
tion of  a  24-hour  sample  of  urine. 

Destruction  of  Ascorbic  Acid  in  the  Rumen.  Several  explanations  might 
be  given  for  the  rapid  and  pronounced  disappearance  of  ascorbic  acid  from 
the  rumen  after  oral  administration  of  massive  amounts  of  the  vitamin.  It 
might  be  argued  that  the  large  amounts  observed  in  the  first  two  or  three 
samples  represented  stages  in  the  incomplete  mixing  of  the  ascorbic  acid 
with  rumen  contents.  Changes  in  the  concentration  of  the  rumen  ascorbic 
acid  could  also  be  attributed  to  an  intake  of  water  by  the  animal,  or  by  a 
passage  of  a  portion  of  the  rumen  contents  to  other  chambers  of  the  stomach. 
Another  interpretation  of  the  findings  is  that  the  very  soluble  vitamin 
was  rapidly  absorbed.  This  has  been  suggested  by  Riddell  and  Whitnah 
(27).  These  workers  studied  the  fate  of  vitamin  C  in  the  rumen  contents 
of  a  cow  with  a  rumen  fistula  and  in  a  steer  at  slaughter.  In  each  case  the 
rumen  contents  were  found  to  contain  less  than  one-tenth  the  vitamin  C  of 
green  rye  ingested  twelve  hours  earlier.  These  workers  explained  the  rapid 
disappearance  of  ascorbic  acid  from  the  rumen  by  suggesting  that  ascorbic 
acid  was  rapidly  absorbed.  The  basis  for  this  suggestion  was  the  observa- 
tion of  a  temporary  doubling  of  the  vitamin  C  content  of  the  blood  within 
12  hours  and  a  fivefold  increase  in  the  ascorbic  acid  content  of  the  urine 
within  60  hours  after  green  feed  was  first  supplied. 

The  most  plausible  explanation,  however,  and  the  one  demanded  by  our 
experimental  data,  is  that  a  rapid  and  pronounced  destruction  of  ingested 
ascorbic  acid  occurs  in  the  rumen.  Thus,  while  the  other  factors  which  have 
been  mentioned  undoubtedly  have  some  influence  on  the  results  observed,  it 
is  hardly  likely  that  they  account  for  changes  of  the  magnitude  indicated  in 
figure  1. 

The  incomplete  mixing  theory  is  especially  inadequate.  When  a  cow  is 
eating,  the  rumen  contracts  about  three  times  per  minute  and  each  contrac- 
tion causes  a  flow  of  liquid  throughout  the  rumen  and  its  solid  contents. 
While  figure  1  indicates  that  the  first  sample  was  removed  at  zero  time,  it 
was  actually  taken  about  five  minutes  after  the  animal  had  eaten  the  last  of 
the  ascorbic  acid  treated  silage  or  15  minutes  after  she  had  started  to  eat. 
This  means  that  the  ascorbic  acid  had  been  subjected  to  15  to  45  contractions 
of  the  rumen.  Further,  when  the  cow  was  slaughtered,  it  was  found  that 
the  rumen  contained  38  liters  of  liquid  or  semi-liquid  material.  If  150 
grams  of  ascorbic  acid  were  thoroughly  distributed  throughout  this  liquid, 
there  should  be  a  concentration  equivalent  to  about  400  mg.  per  100  ml.  of 
juice.  Figure  1  indicates  that  the  concentration  of  ascorbic  acid  in  the 
juice,  as  shown  by  analysis  of  the  first  sample  removed,  was  about  185  mg. 
per  100  ml.  of  juice.  From  these  facts,  it  would  appear  that  fairly  complete 
mixing  had  occurred,  accompanied  by  extensive  destruction  of  the  vitamin. 
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Observations  of  this  and  other  dairy  cows  show  that  they  drink  water 
infrequently.  It  is  difficult  to  say  how  much  and  how  often  liquid  material 
passes  permanently  from  the  rumen  into  other  compartments  of  the  stomach. 
Ewing  and  Wright  (28),  working  with  steers,  found  that  the  average  rate 
of  passage  of  food  residues  through  the  rumen  and  reticulum  was  61  hours. 
In  any  event,  credence  in  the  volume-change  explanation  for  the  disappear- 
ance of  ascorbic  acid  from  the  rumen  is  seriously  discounted  by  the  results 
of  in  vitro  constant-volume  experiments  such  as  shown  in  figure  1. 

Indirect  evidence  that  ingested  ascorbic  acid  is  largely  destroyed  in  the 
rumen  rather  than  being  rapidly  absorbed  is  given  in  the  blood,  milk,  and 
urine  ascorbic  acid  values,  which,  with  the  possible  exception  of  the  urine, 
show  no  response  to  the  feeding  of  50  grams  or  more  of  ascorbic  acid.  Why 
there  is  always  a  small  amount  of  ascorbic  acid  in  the  rumen,  as  there  appears 
to  be,  is  difficult  to  explain.  Possibly  the  release  of  this  vitamin  from  solid 
feed  fragments  proceeds  gradually  and  at  a  rate  slightly  higher  than  the  rate 
of  destruction.  We  hope  to  continue  the  study  of  the  factors  responsible 
for  the  destructive  effects  described. 

In  the  light  of  the  demonstrated  destruction  of  ascorbic  acid  in  the 
rumen,  it  becomes  clear  why  various  methods  of  oral  administration  of  the 
vitamin  failed  to  produce  a  response  in  the  milk  or  other  body  fluids.  If 
the  ascorbic  acid  administered  in  gelatin  capsules  had  been  able  to  survive 
rumen  conditions  and  reach  other  compartments  of  the  stomach,  it  seems 
likely  that  other  results  might  have  been  obtained,  for  the  ascorbic  acid  con- 
tent of  the  milk  of  non-ruminating  animals,  e.g.,  guinea  pigs  (26)  and 
humans  (8,  29),  has  been  shown  to  be  influenced  by  diet.  In  work  with 
the  rumen  fistula,  however,  it  was  found  that  gelatin  capsules  were  dissolved 
and  the  ascorbic  acid  was  released  after  10-15  minutes  in  the  rumen. 

SUMMARY 

1    Special  equipment  was  employed  which  permitted  the  complete  col- 
lection  from  dairy  cows  of  24-hour  samples  of  urine  free  from  any  feca 
contamination.     It  was  found  impractical,  if  not  impossible,  to  preserve  all 
the  ascorbic  acid  in  such  urine  samples  in  the  reduced  form. 

2.  By  the  simultaneous  application  of  the  indophenol  titration  and  the 
furfural  method  of  analysis  to  freshly  excreted  samples  of  urine,  it  was  pos- 
sible to  show  that  ascorbic  acid  is  excreted  in  cow^s  urine  m  the  reduced  form 

3.  Analysis  of  over  50  samples  of  blood  obtained  from  four  Holstem  c^^^^^^ 
showed  that  the  ascorbic  acid  content  of  the  plasma  ranged  from  0.43  to  0.62 
mcr  per  100  ml.  when  the  cows  received  standard  dairy  rations. 

TIscorbic  acid  was  administered  to  Holstein  cows  (a)  ^^^^J^^ 
small  amount  of  corn  silage,  (b)  in  gelatin  capsules,  (c)  -  ^^^^^^^^^^^^^ 
(d)  intravenous  injection,  and  (e)  by  subcutaneous  injection.     Administra 

ion  of  irhX^  lio  grams  (2,000,000  International  Units)  of  ascorbic  acid 
per  day^^^^^^^^^^       days'by  a  non-injection  method  failed  to  increase  the  ascor- 
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bic  acid  concentration  of  the  milk  or  blood  and  had  only  a  slight  effect  on 
the  concentration  of  the  vitamin  in  the  urine.  It  was  only  by  the  injection 
methods  that  a  significant  increase  in  the  ascorbic  acid  concentrations  of  the 
blood,  milk,  and  urine  could  be  demonstrated.  The  greatest  increase  in  milk 
ascorbic  acid  concentration  during  experiments  in  which  24  grams  of  ascor- 
bic acid  were  injected  intravenously  on  each  of  three  successive  days,  was 
from  20  mg.  per  liter  to  30  mg.  per  liter. 

5.  A  rumen  fistula  was  made  in  a  Holstein  cow.  Experiments  were  per- 
formed in  which  this  cow  was  fed  as  much  as  150  grams  (3,000,000  Interna-  . 
tional  Units)  of  synthetic  ascorbic  acid  at  one  time;  similar  amounts  were 
also  placed  directly  in  the  rumen  through  the  fistula  opening.  A  rapid  and 
pronounced  destruction  of  ascorbic  acid  in  the  rumen  was  demonstrated  by 
removal  and  analysis  of  samples  of  the  rumen  contents  at  regular  intervals. 
Ascorbic  acid  added  to  rumen  contents  in  vitro  and  stored  in  a  dark-glass, 
stoppered  receptacle  at  39°-42°  C.  disappeared  at  much  the  same  rate  as 
that  of  the  in  vivo  experiments.  In  making  analyses,  both  the  indophenol 
titration  and  the  Roe  furfural  method  were  employed. 
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THE  Departments  of  Agricultural  and  Biological  Chem- 
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THE  Departments  of  Agricultural  and  Biological  Chem- 
istry and  Zoology  and  Economic  Entomology  of  Penn- 
sylvania State  College  are  now  occupying  the  new  Agricul- 
tural Science  Building,  one  of  the  several  new  buildings  made 
available  by  the  General  State  Authority  in  1940.  This 
brief  description  deals  solely  with  the  facilities  of  the  Depart- 
ment of  Agricultural  and  Biological  Chemistry. 

The  building  has  been  named  Frear  Laboratories  in  honor 
of  the  late  William  Frear,  nationally  known  agricultural 
chemist,  who  devoted  37  years  to  Pennsylvania  agriculture 
and  national  pure  food  problems.  It  is  constructed  of  cream- 
colored    Roman   brick,    trimmed   with   Indiana   limestone. 


The  building  measures  205  by  70  feet  and  consists  of  four 
floors.  Owing  to  the  contour  of  the  campus  three  floors  are 
above  ground  level  on  the  front,  while  four  floors  are  above 
ground  at  the  rear. 

All  laboratories  are  well  lighted  and  have  cream-colored 
tile  walls  equipped  with  adjustable  shelving  on  aluminum 
brackets  set  in  aluminum  slots.  This  makes  it  possible  to 
have  shelves  of  any  desired  width  or  height  without  mutilat- 
ing the  walls.  Acidproof  plumbing  is  standard  equipment 
throughout  and  all  plumbing  is  exposed  (overhead)  for  con- 
venience in  making  repairs. 

Floors,  with  the  exception  of  a  few  special  rooms,  consist 


Upper  Left.     Corner  of  Protein  Research  Laboratory 
Lower  Lepp     Graduate  Student  Laboratory,  Accommodating  Eight  Studenps 

Upper  Right.     Typical  Student  Laboratory 
Lower  Right.    Private  Laboratory  for  Tobacco  Research 
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Upper    Left.       Laboratory     for     Vitamin 

Research 
Left  Center.    Cereal  Technology  Labora- 
tory 
Lower  Left.    Laboratory  for  Research  on 

Animal  Production  Problems 
Upper     Right.       Postgraduate     Work     in 

Biophysical  Chemistry 
Right  Center.     Air-Conditioned  Breeding 

Room,   Animal  Laboratory 

Lower  Right.    Air-Conditioned  Cage  Room 

FOR  Vitamin  Research 


fx:^ 


of  black  linoleum  tile.     All  laboratory  desks  are  of 
wood  construction  with  tops  made  of  chemically  treated 
laminated  pressed  wood,  covered  with  a  chemical-proof 
plastic  finish.    Desks  in  all  laboratories  are  equipped 
with  gas,  cold  and  hot  water,  compressed  air,  vacuum 
lines,  steam,  and  alternating  and  direct  current      Dis- 
tilled water  is  conducted  in  aluminum  tubing  to  labora- 
tories and  corridors  from  reservoirs  in  the  attic.     Forced 
ventilation  is  available  for  all  classrooms  and  labora- 
tories and  all  fume  hoods  are  equipped  with  individual 
motors.     Four  large  student  laboratories,  each  of  which 
will  accommodate  from  192  to  224  students,  are  designed 
for  the  various  ser\ice  courses  in  biochemistry.  Balance, 
Kjeldahl,  fat-extraction,  and  instrument  rooms  are  sepa- 
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rate  from  but  easily  accessible  to  the  large  student  laboratories, 
as  are  three  small  classrooms,  with  a  seating  capacity  of  from 
45  to  60.  Two  laboratories  are  set  aside  for  graduate  student 
research  and  a  large  ofl&ce  accommodates  from  15  to  20  gradu- 
ate students.  Other  graduate  students  have  offices  ad- 
jacent to  private  laboratories  of  professors  with  whom  they 
are  working  on  special  problems. 

Two  cold  rooms,  maintained  at  32°  F.,  are  avaUable  for 
quantity  storage,  while  all  laboratories  are  equipped  with 
electric  refrigerators  for  active  laboratory  materials.  One 
room,  for  low-temperature  work,  is  kept  at  -20**  F.  but  can 
be  used  at  temperatures  as  low  as  -32^  F.  A  laboratory  is 
also  designed  for  pilot-plant  and  semicommercial-scale 
research  in  agricultural  technology. 

Milling  facilities  are  available  for  grinding  samples  of 
every  type,  from  rocks  and  soils  to  foods  and  feeds.  An  ex- 
perimental flour  miU  is  available  for  work  in  cereal  technology. 
A  specially  designed  steam  dryer,  made  of  stainless  steel,  has 
a  capacity  of  200  to  400  pounds  for  rapid  drying  of  such  ma- 
terials as  silage,  tobacco,  and  agricultural  crops. , 

A  complete  baking  laboratory  has  been  designed  for  stu- 
dent instruction  and  research.  This  laboratory  has  a  baking 
oven  with  rotary  hearth,  fermentation  cabinet  (automaticaUy 
controUed  for  temperature  and  humidity),  dough  mixers, 
sheeting  roll,  molder,  and  complete  equipment  for  measuring 
gluten  strength  of  flours,  loaf  volume,  etc. 


All  principal  storage  rooms  are  on  the  basement  floor. 
Small  subsidiary  stockrooms  (for  dispensing  of  stock)  are 
located  on  each  laboratory  floor.  SuppUes  are  carried  to  the 
subsidiary  stockrooms  by  elevator. 

Experiment  Station  Projects 

The  top  floor  is  devoted  solely  to  research  work  on  experi- 
ment station  projects.  Instrument  rooms  containing  quartz 
spectrograph,  spectrophotometer,  lluorometers,  polariscopes, 
and  colorimeters,  and  an  x-ray  room  and  a  darkroom  for 
photographic  work  are  available  tt  all  workers.  Air-con- 
ditioned laboratories  have  been  de^cned  for  animal  nutrition 
studies  and  faciUties  are  availall  for  sterihzing  all  cage 
equipment.  Battery  cages  are  usvd  for  poultry  nutrition 
studies  and  separate  laboratories  iue  available  for  student 
research  in  nutrition.  Observation  a  indows  have  been  con- 
structed so  that  the  public  can  see  the  animals  in  the  breeding 
colony  and  in  the  nutrition  laboratory  without  entering  the 
air-conditioned  rooms  and  interfering  with  the  regular  re- 

search  work. 

The  Department  of  Agricultural  and  Biolo^cal  Chemistry 
has  108  undergraduate  students  majoring  in  the  department 
and  33  candidates  are  now  working  for  advanced  degrees. 
The  department  offers  service  courses  to  approximately  1200 
students  from  other  departments  and  schools  on  the  campus. 
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rHAT  is  meant  by  protective  foods? 
Why  are  eggs,  dairy  products,  fruits 
and  vegetables  considered  protective 
foods  rather  than  sugar,  lard  or  high  patent 
flour?    The  answer  is  simple. 

During  the  past  20  years  great  progress 
has  been  made  in  nutrition  research,  especial- 
ly regarding  the  importance  of  proteins,  min- 
erals and  vitamins.  We  know  that  the  high- 
ly refined  foods  such  as  sugar  and  white 
flour  have  lost  a  large  part  of  their  vitamin 
and  mineral  content  during  the  process  of 
manufacture.  Since  they  constitute  a  large 
part  of  the  average  diet,  liberal  quantities 
of  the  protective  foods  especially  rich  in  the 
necessary  vitamins,  minerals  and  proteins 
must  be  used  to  balance  the  diet.  It  is  the 
high  vitamin,  mineral  or  protein  content  that 
characterizes  protective  foods. 

By  way  of  an  example,  an  analogy  may  be 
drawn  between  the  automobile  engine  and 
man.  The  engine  uses  gasoline  for  fuel; 
man  largely  uses  carbohydrates  and  fats  for 
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fuel.  The  spark  plug  is  necessary  to  explode 
the  gasoline  thus  releasing  the  energy  for 
power  to  move  the  car.  Vitamins  play  a 
similar  role  in  man ;  vitamin  B^,  for  example, 
acts  as  one  of  the  spark  plugs  in  the  human 
engine  making  the'  energy  in  starchy  foods 
available  for  use  by  the  body.  Other  vita- 
mins perform  equally  important  functions. 

Minerals  in  protective  foods  play  roles  that 
are  just  as  important  as  those  of  the  vitamins. 
Thus,  calcium  and  phosphorus  are  used  to 
build  strong  bones  and  sound  teeth.  Iodine 
is  needed  to  permit  normal  thyroid  function, 
without  which  goiter  results.  Iron  and  cop- 
per are  necessary  for  hemoglobin  regenera- 


tor. Boucher  presented  this  paper  at  the  Poultry  Field 
Day  of  the  New  Jersey  College  of  Agriculture  June  12, 
1941.  For  the  quantitative  values  employed  in  his  talk, 
Dr.  Boucher  drew  freely  upon  current  literature.  As  the 
material  was  presented  as  a  talk.  Dr.  Boucher  did  not  in- 
clude a  bibliography  of  the  scientific  literature  used  in 
its  preparation. 
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tion  and  if  these  are  deficient  one  type  of 
anemia  is  certain  to  develop. 

Proteins  are  used  by  the  body  in  many 
ways,  chief  among  which  are  the  growth 
and  repair  of  organs  and  muscle  tissue.  To 
be  of  greatest  value  to  the  body,  proteins 
must  be  of  high  biological  value,  that  is, 
composed  of  the  proper  combination  of  es- 
sential amino  acids. 

In  thinking  of  proteins  it  is  helpful  to 
visualize  the  protein  as  a  brick  wall  and 
the  amino  acids  as  the  bricks  which  are 
placed  on  top  of  each  other  to  form  the  wall. 
There  are  20  some  different  amino  acids, 
about  half  of  which  are  essential  in  nutrition. 
If  a  protein  is  composed  of  the  proper  pro- 
portion of  these  essential  amino  acids  it  is 
then  said  to  be  of  high  biological  value. 

Why  are  eggs  classified  as  protective 
foods?  A  look  inside  the  shell  will  furnish 
the  answer.  There  we  find  the  white  weigh- 
ing 58  per  cent,  the  yolk  31  per  cent,  leaving 
the  shell  to  account  for  the  remaining  11 
per  cent. 

As  we  all  know,  the  yolk  and  the  white 
are  quite  different  in  appearance  and  com- 
position.    The  white  contains: 

Water  —  87.8  per  cent 

Protein  —  10.0  per  cent 

Ash  —    0.8  per  cent 

Carbohydrate  —     0.5  per  cent 

Fat  —    0.05  per  cent 

The  proportion  of  water  is  high,  since  it 

serves    as    the    principal    reservoir    for    the 

embryo  during  incubation. 


The  yolk  is  composed  of: 

Water      —  49.0  per  cent 
Fat  —  31.6  per  cent 

Protein     —  16.7  per  cent 
Ash  —     1.5  per  cent 

The   yolk    differs   widely    in    composition 

from  the  white,  since  its  purpose  is  to  supply 

nutritive  material  for  the  developing  chick. 

It  contains  much  less  water  and  more  solid 

materials,  and  is  well  fortified  with  vitamins 

and  minerals. 

Since  the  shell  is  not  used  for  human 
food,  its  composition  will  be  mentioned 
only  to  say  that  it  is  largely  calcium  carbon- 
ate —  93.7  per  cent. 

The  percentage  composition  of  the  yolk 

and  white  combined  is  about: 

Water  —  73.7  per  cent  (37.0     grams) 

Protein  —  13.4  per  cent  (  6.7     grams) 

Fat  —  10.5  per  cent  (5.2     grams) 

Ash  —     1.0  per  cent  (  0.5     grams) 

Carbohydrate  —     0.3  per  cent  (  0.15  grams) 
The  figures   in   parentheses   represent   the 

approximate  weight  of  the  constituents  con- 
tained in  an  average  size  egg.  These  values 
emphasize  the  high  efficiency  of  the  modern 
hen  as  manufacturer  of  human  food. 

The  1  per  cent  ash  contained  in  the  egg  is 
composed  of  the  following  chemical  ele- 
ments, expressed  as  percentage  and  as  grams 
of  the  edible  portion  of  an  average  size  egg: 

Calcium  0.060000  per  cent  0.030000  grams 

Chlorine  0.130000  per  cent  0.065000  grams 

Copper  0.000187  per  cent  0.000094  grams 

Iodine  0.000010  per  cent  0.000005  grams 

Iron  0.003100  per  cent  0.001550  grams 

Magnesium  0.050000  per  cent  0.025000  grams 

Manganese  0.000033  per  cent  0.000017  grams 


DAILY  ADULT  REQUIREMENTS  OF  ESSENTIAL  NUTRIENTS 


Nutrients 


Daily  Requirements 
of  an  Average  Adult 


What  ONE  EGG  Furnishes 
in   the  Daily  Diet      


Protein    70  grams  6.7  grams 

Calcium  0.8  gram  0.03  gram 

Iron  12    milligrams    1.55  milligrams 

Phosphorus  1.30    grams    110  milligrams 

Iodine  0.1  milligram  005  milligram 

Vitamin  A  5000    International    Units   200  to  800  International  Units 

Vitamin  Bi  2  milligrams  20  to  40  International  Units 

Vitamin  C  75  milligrams  none 

Riboflavin  3  milligrams  100  to  200  micrograms 

Nicotinic  acid  20  milligrams  about  760  micrograms 

Vitamin  D  about  400  International  Units  ....  10  to  50  International  Units 

Gram  =  15.43  grains 

Milligram  =   l/lOOO  gram  m  ge  hiiLiiialiuiml  Uiiilw 

Microgram  —  1/1,000,000  gram  at  ^(i  iHlonatioHttl  Uniii 


or  10% 

or  4% 

or  13% 

or  9% 

or  5% 

or  4  to  16% 

or  3  to  6% 

or  3  to  7% 

or  3  to  4% 

or  3  to  12% 


Phosphorus  0.220000  per  cent  0.110000  grams 
Potassium  0.140000  per  cent  0.070000  grams 
Sodium  0.130000  per  cent  0.065000  grams 
Sulfur  0.183000  per  cent     .091500  grams 

Smaller  quanties  of  other  elements  such  as 
zinc,  silver,  aluminum,  tin  and  lead  are  also 
present.  These  values  are  not  absolute  for 
the  mineral  content  of  the  egg  varies  to  some 
extent  depending  upon  the  feed  and  the  con- 
dition of  the  hen. 

The  vitamin  content  of  eggs  also  varies 
with  the  ration  fed  the  hen.  The  average 
fresh  egg,  however,  will  contain  from  200  to 
800  International  Units  of  vitamin  A;  10  to 
50  International  Units  of  vitamin  D;  20  to 
40  International  Units  of  Vitamin  Bj,  now 
known  as  thiamin;  100  to  200  micrograms 
of  riboflavin;  and  600  to  1200  micrograms 
of  pantothenic  acid,  concentrated  largely  in 
the  yolk.  Vitamin  E,  vitamin  K  and  nico- 
tinic acid  are  known  to  be  present,  although 
in  relatively  smaller  amounts.  Vitamin  Bq 
is  also  thought  to  be  present;  however,  quan- 
titative measurements  of  its  concentration  in 
the  egg  have  not  been  reported. 

Now  that  we  know  how  much  of  the 
protective  food  factors  an  egg  contains,  let 
us  consider  the  value  of  an  egg  as  protec- 
tive food  in  a  man's  diet.  In  order  to  do 
this  it  is  necessary  to  review  the  human 
requirements  for  the  better  known  nutritive 
essentials. 

Nutrients  Required  in  Daily  Diet 

The  Committee  on  Foods  and  Nutrition 
of  the  National  Research  Council  and  the 
Council  on  Foods  of  the  American  Medical 
Association  have  reached  a  tentative  agree- 
ment on  the  daily  requirements  of  man  for 
the  following  specific  nutrients: 


Protein 
Calcium 
Iron 

Vitamin  A 
Vitamin  Bi 
Vitamin  C 
Riboflavin 
Nicotinic  acid 
Vitamin  D 


70      grams 
0.8  gram 
12      milligrams 
5,000      International   Units 

2  milligrams 
75      milligrams 

3  milligrams 
20      milligrams 

Unknown 


These  values  are  for  an  average  size  adult 
man  who  exercises  to  a  medium  degree. 
They  do  not  apply  to  men  at  hard  labor  nor 
to  invalids.     Likewise,  requirements  vary  for 


infants  and  children  of  different  ages  and  it 
is  known  that  about  400  International  Units 
of  vitamin  D  per  day  are  required  for  preg- 
nant and  lactating  women  and  for  children. 

If  our  present  knowledge  of  nutrition  was 
generally  applied  so  that  all  the  people  in 
the  United  States  were  fed  according  to  these 
standards,  two  important  results  would  be 
accomplished.  First,  the  health  and  vigor 
of  the  people  would  be  greatly  increased, 
resulting  in  smaller  doctor  and  hospital  bills, 
less  loss  of  working  time,  greater  efficiency 
and  longer  life.  Second,  from  the  stand- 
point of  agriculture,  there  would  no  longer 
be  a  surplus  of  food  products.  In  fact  it 
would  be  necessary  to  increase  the  production 
of  fruits,  succulent  vegetables  and  dairy  and 
poultry  products.  This  would  mean  more 
cows  and  more  chickens  which  would  in 
turn  require  more  feed. 

Since  the  approximate  requirement  of  man 
for  some  of  the  more  important  essential 
nutrients  is  known,  let  us  consider  what  part 
of  this  requirement  is  supplied  by  one  egg 
per  day.  The  following  table  gives  the  quan- 
tity of  these  nutrients  contained  in  an  aver- 
^8^  ^^^  ^^^  ^^^  approximate  precentages 
of  the  daily  requirement  that  this  quantity 
supplies. 

6.7     grams  10% 

0.03  gram  4% 

1.55  milligrams  13% 
200  to  800 

International  tJnits  4  to  16% 
Vitamin  Bi           20  to     40 

International  Units  3  to  6% 

Vitamin  C  None  

Riboflavin            100  to  200  micrograms  3  to  7% 

Nicotinic  acid  About  760  micrograms  3  to  4% 
Vitamin  D            10  to     50 

International  Units  3  to  12% 

Thus,  we  see  that  a  single  egg  supplies 
from  3  to  16  per  cent  of  the  daily  require- 
ment of  all  except  one  of  the  nine  essential 
nutrients  that  are  most  likely  to  be  deficient 
in  the  average  human  diet.  The  one  excep- 
tion is  vitamin  C  which  is  readily  supplied 
by  tomatoes  and  citrus  fruits. 

It  must  be  remembered,  too,  that  the 
values  we  have  been  considering  are  only 
the  better  known  of  the  human  require- 
ments. The  egg  occupies  a  unique  place  as 
a  food  because  it  contains  all  the  food  ele- 
ments, known  and  unknown,  that  are  re- 
quired  to   produce   a   perfect   chick.      This 


Protein 
Calcium 
Iron 
Vitamin  A 
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covers  a  wide  range  and  includes  all  of  the 
essential  amino  acids  that  go  to  form  a  per- 
fect protein,  as  well  as  all  the  minerals  and 
vitamins  needed  for  embryonic  growth.  This 
is  quite  a  severe  test,  for  embryonic  growth 
is  both  rapid  and  exacting  in  its  require- 
ments. 

Ration  Modifies  Chemical  Composition 

The  nutritive  requirements  of  man  and 
of  chicks  are  not  identical  but  as  far  as  is 
known  may  be  quite  similar  qualitatively. 
In  many  instances  the  quantitative  require 
ment  of  the  chick  estimated  on  a  body  weight 
basis  is  greater  than  that  of  man. 

Another  point  that  deserves  discussion  is 
that  one  egg  may  differ  from  another  in 
both  physical  and  chemical  properties  to  an 
extent  which  is  of  significance  both  com- 
mercially and  nutritionally.  From  the  com- 
mercial standpoint,  variation  in  such  physi- 
cal characteristics  as  strength  of  shell  and 
ratio  of  thick  to  thin  white  will  determine 
the  capacity  of  the  egg  to  withstand  trans- 
portation and  storage;  from  the  nutritional 
standpoint  changes  in  certain  constituents, 
which  are  measured  in  micrograms,  will  pro- 
mote or  inhibit  the  normal  process  of  de- 
velopment in  the  embryo  and  influence  the 
value  of  the  egg  in  the  human  diet. 

While  the  breed  of  the  hen  may  affect  to 
some  extent  the  composition  of  the  egg, 
there  is  ample  evidence  that  the  ration  of 
the  fowl  modifies  the  chemical  composition 
and,  therefore,  the  nutritive  value  and  hatch- 
ability  of  the  egg.  A  fairly  good  ration  will 
support  egg  production  but  it  takes  a  high 
grade  ration  to  produce  eggs  that  will  give 
high  hatchability.  The  reason  is  that  within 
certain  limits  the  composition  of  the  egg 
depends  upon  the  feed  the  hen  receives. 

An  example  of  this  is  riboflavin  which, 
if  present  in  the  ration  at  a  level  of  600 
micrograms  per  pound,  will  support  high 
egg  production  but  the  eggs  will  not  hatch. 
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If  the  riboflavin  is  increased  to  about  1,000 
micrograms  per  pound  of  feed  the  eggs  will 
hatch  well.  It  is  obvious  that  the  egg  that 
would  hatch  well  because  of  its  higher  ribo- 
flavin content  would  also  be  a  more  valuable 
protective  food  when  used  in  a  human  diet. 

With  regard  to  the  other  vitamins,  it  is 
also  known  that  the  amounts  of  Bi,  E,  K 
and  pantothenic  acid  in  the  egg  are  affected 
by  the  ration. 

The  vitamin  A  potency  of  the  egg  can  be 
increased  three  to  four-fold.  It  has  been 
shown  that  on  practical  type  rations  11  to 
32  per  cent  of  the  dietary  intake  of  vitamin 
A  is  deposited  in  the  yolk. 

Vitamin  D  is  transferred  to  the  egg  even 
more  readily  than  vitamin  A.  In  an  experi- 
ment where  massive  doses  of  vitamin  D  were 
fed,  the  D  content  of  the  egg  was  increased 
600  times  resulting  in  a  yolk  that  was  truly 
a  vitamin  D  concentrate.  In  an  experiment 
using  a  practical  type  ration  containing  1 
per  cent  cod  liver  oil,  it  was  found  that  10 
per  cent  of  the  vitamin  D  in  the  feed  was 
transferred  to  the  egg.  On  this  basis,  the 
hen  evidently  transmits  dietary  vitamin  D 
to  the  egg  more  efficiently  than  the  cow 
transfers  it  to  milk  since  it  was  found  that 
only  2  per  cent  of  the  D  in  cows  feed  ap- 
peared in  the  milk. 

Thus  we  can  say  that  the  composition  of 
the  hen's  egg  is  not  constant.  This  is  im- 
portant since  it  affects  the  nutritional  value, 
hatchability  and  ability  oT  the  egg  to  stand 
up  under  transportation  and  storage. 

What  would  be  the  effect  if  everybody 
in  the  nation  ate  one  egg  per  day?  That 
would  be  a  total  of  47,430  million  eggs  per 
year,  which  is  10,818  million  more  eggs  per 
year  than  were  produced  on  the  average  dur- 
ing the  1923-1937  period.  To  produce  that 
number  of  eggs  would  require  an  increase 
of  about  30  per  cent  in  nation-wide  egg  pro- 
duction. 
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FOR  many  years  there  has  been  a 
growing  interest  in  the  role  played 
by  the  element  manganese  in  the 
animal  body.  Among  the  earlier  findings 
of  importance  is  that  of  Bertrand  and 
Medigreceanu,  who  in  1913  found  that 
manganese  is  normally  present  in  the 
blood  and  organs  of  man  and  the  higher 
animals.  The  mere  presence  of  an  ele- 
ment in  a  tissue  or  organ  does  not  neces- 
sarily mean  that  it  has  an  essential 
function  but  it  does  indicate  that  such  a 
role  is  possible.  In  the  case  of  man- 
ganese an  understanding  of  its  function 
is  not  complete  even  today,  although  re- 
search has  revealed  several  relationships 
in  which  it  is  important. 

Many  workers  have  simply  considered 
manganese  as  a  trace  element,  small 
amounts  of  which  are  necessary  for  one 
or  more  body  functions.  Definite  proof 
of  the  vital  function  of  manganese  has 
been  difficult,  however,  chiefly  because 
of  the   difficulty  of  obtaining   diets  for 


experimental  feeding  which  are  free  of 
this  element. 

As  a  result  of  research  several  essen- 
tial functions  of  manganese  have  been 
suggested  in  the  past  few  years  and  it 
is  now  regarded  as  being  necessary  for 
complete  body  development  and  the  con- 
tinuance of  certain  body  functions. 
While  only  small  amounts  of  manganese 
are  required  in  the  diet,  such  amounts 
appear  to  be  absolutely  essential  al- 
though the  exact  mode  of  function  of  the 
element  is  not  fully  understood. 

There  is  considerable  evidence  to  show 
that  manganese  is  necessary  for  the 
normal  reproduction  of  animals.  In  cases 
of  a  lack  of  manganese  there  have  been 
reported  such  disorders  as  disturbances 
of  the  estrus  cycle,  delayed  sexual  ma- 
turity, irregular  ovulation,  failure  of 
mammary  development  and  testicular  de- 
generation. While  there  is  some  diver- 
gence of  opinion  perhaps  as  to  all  of 
the    exact    conditions    resulting    from    a 
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lack  of  manganese,  the  fact  seems  to  be 
well  established  that  this  element  is  nec- 
essary for  the  fulfillment  of  the  complete 
reproductive  cycle. 

In  the  past  few  years  much  attention 
has  been  focused  on  the  role  played  by 
manganese  in  poultry  nutrition,  particu- 
larly in  relation  to  perosis.  This  is  a 
disorder  in  which  there  is  an  enlarge- 
ment and  flattening  of  the  hock  joint 
accompanied  by  the  slipping  of  the  ten- 
don from  its  normal  position.  It  has 
been  reported  that  the  addition  of  man- 
ganese to  the  diet  to  bring  the  manganese 
content  up  to  40-60  parts  per  million,  is 
efficacious  in  most  cases  in  preventing 
perosis.  Recently,  however,  it  has  been 
indicated  that  manganese  may  not  be  the 
only  factor  involved  in  the  production 
and  prevention  of  perosis,  rather  it  is 
one  of  several  factors  involved  in  this 
syndrome. 

GROWTH   OF  CHICKS 

In  addition  to  the  role  played  in  pero- 
sis, manganese  has  been  reported  as  be- 
ing necessary  for  the  growth  of  chicks, 
the  development  of  chick  bones,  the 
maintenance  of  the  body  weight  of  hens, 
egg  production,  egg  shell  strength  and 
the  hatchability  of  eggs. 

More  recently  it  has  been  indicated 
that  manganese  may  play  a  role  in  the 
nutrition  of  swine.  In  this  connection 
stiff^ness  or  lameness  was  found  to  oc- 
cur when  pigs  were  fed  rations  low  in 
manganese  content.  This  disorder  was 
found  to  occur  on  a  number  of  rations 
all  of  which  had  as  components  corn, 
tankage,  soybean  oil  meal,  alfalfa  and 
salt. 


Approximately  half  of  the  pigs  fed 
these  rations  developed  the  outward 
symptoms  at  about  the  time  when  they 
weighed  150  lbs.  In  addition  to  the 
stiffness,  the  hock  joints  were  enlarged 
and  many  of  the  pigs  liad  crooked  legs. 
In  outward  appearance  the  condition  re- 
sembled rickets,  but  x-rays  showed  that 
there  was  no  mineral  depletion  of  the 
leg  bones,  neither  was  there  any  lack 
of  calcium  and  phosphorus  or  vitamin  D 
in  the  diet. 

On  the  other  hand,  the  total  mineral 
content  of  the  rations  on  which  stiffness 
occurred  was  found  to  be  relatively  high, 
ranging  from  8  to  12%,  while  the  man- 
ganese content  was  relatively  low,  11 
parts  per  million.  Bringing  the  man- 
ganese content  of  these  rations  up  to  50- 
60  parts  per  million  by  the  addition  of 
manganese  sulfate  resulted  in  pigs  which 
developed  normally  with  no  stiffness. 
However,  the  stiffness  could  not  be  cured 
by  the  addition  of  manganese  after  it 
had  once  occurred. 

The  growth  of  the  pigs  fed  the  low 
manganese  rations  did  not  seem  to  be 
impaired  and  manganese  itself  is  not 
usually  considered  as  influencing  growth, 
at  least  in  the  first  generation.  Experi- 
ments conducted  in  this  country  and  in 
England  support  this  point  of  view.  The 
dispensability  of  manganese  in  succeed- 
ing generations  is  a  subject  requiring 
further  study  and  one  which  will  be  diffi- 
cult because  of  the  necessity  of  separat- 
ing the  manganese  requirement  for 
growth  from  that  for  reproduction. 

The  question  may  be  raised  as  to 
whether  or  not  the  requirement  for  man- 
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ganese  is  influenced  by  or  dependent  up- 
on conditions  invoked  by  other  dietary 
factors.  The  lameness  of  pigs  which  has 
been  described  was  produced  while  feed- 
ing rations  relatively  high  in  mineral 
content.  It  is  possible  with  the  empha- 
sis that  has  been  placed  in  recent  years 
on  the  feeding  of  minerals  to  swine,  that 
many  pigs  may  be  receiving  excessive 
amounts  of  calcium  and  phosphorus 
which  may  result  in  the  hypercalcifica- 
tion  of  the  bones  as  manifested  by  en- 
larged joints,  crooked  legs  and  lameness 
all  of  which  are  commonly  seen.  Recent 
complaints  from  packers  indicate  that 
many  pigs  now  coming  to  market  have 
very  hard  bones. 

It  is   not  at  all   unusual  to  find  pigs 


being  fed  rations  which  are  high  in  min- 
eral content.  An  inspection  of  analyses 
of  commercial  hog  feeds,  as  published  by 
various  feed  control  laboratories,  shows 
that  many  commercial  hog  feeds  contain 
as  much  as  8  to  10%  of  minerals.  It 
may  be  possible  that  additional  man- 
ganese is  required  when  feeding  rations 
supplying  relatively  high  amounts  of 
calcium  and  phosphorus  and  relatively 
low  amounts  of  manganese. 

The  question  may  be  asked  as  to  how 
much  manganese  is  normally  found  in 
feedstuffs.  Quite  commonly  it  is  stated 
that  manganese  is  widely  distributed  in 
water,  plants  and  animals.  While  some 
manganese  is  found  in  practically  every 
plant,  the  amount  present  may  he  fairly 


Stiffness  or  lameness  has  been  found  to  occur  when  pigs  are  fed  rations  low 
in  manganese  content.  In  addition  to  the  stiffness,  the  hock  joints  were  enlarged 
and  many  of  the  pigs  had  crooked  legs. 
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constant  for  a  particular  plant  or  it 
may  vary  widely.  Oats  have  been  re- 
ported to  contain  from  5  to  290  parts 
per  million  of  manganese. 

Corn  which  predominates  in  most  hog 
rations  contains  less  manganese  than  al- 
most any  other  feedstuff,  usually  about 
5  parts  per  million.  Soybeans  usually 
contain  25-35  parts  per  million,  alfalfa 
30-36  parts  and  tankage  20-30  parts.  The 
manganese  content  of  milk  is  almost 
negligible.  Wheat  itself  contains  about 
30  parts  per  million  of  manganese,  while 
wheat  by-products  such  as  bran  and 
middlings  may  contain  approximately 
100  parts  per  million.  Forages  as  a 
rule  contain  two  to  three  times  as  much 
manganese  as  do  most  concentrates,  but 
the  manganese  content  of  any  plant  de- 
pends on  the  conditions  under  which  it 
is  grown.     In  the  first  place  manganese 


must  be  present  in  the  soil  either  natur- 
ally or  through  fertilization. 

There  are  localities  in  which  the  soil 
is  unproductive  unless  it  is  fertiliz.ed 
with  manganese.  However,  the  presence 
of  manganese  in  the  soil  does  not  insure 
its  assimilation  by  the  plant.  The  soil 
must  be  acid  for  manganese  to  be  avail- 
able to  the  plant  and,  furthermore,  the 
best  assimilation  of  manganese  occurs 
when  conditions  in  the  soil  favor  reduc- 
tion. Most  feed  crops  and  forages  are 
not  produced  where  conditions  such  as 
these  exist  and  the  result  may  be  feeds 
of  relatively  low  manganese  content. 

The  importance  of  soil,  plant  and  ani- 
mal inter- relationships  is  well  illustrat- 
ed in  the  case  of  manganese  and  may 
assume  added  significance  as  the  true 
physiological  functions  of  this  element 
are  revealed  through  further  research. 


THE  ESSENTIAL  NATURE  OF 

MANGANESE 

TO     ALL     LIFE 


"TV  yT  ANGANESE    is  the   element   responsible   for 
growth  and  reproduction.     Its  essential  nature 
to  life  is  conceded  and  can  be  verified  by  practical 
experiments. 

It  is  required  in  soil  reaction,  as  a  plant  hormone, 
and  in  all  animal  life,  either  as  a  chemical  or  catalyst. 

There  is  no  form  of  life  that  can  exist  without 
manganese.  We  deal,  therefore,  with  a  subject  of 
which  we  shall  never  know  too  much. 

The  article  in  the  foregoing  pages  is  reprinted 
and  available  to  the  trade  with  our  compliments  and 
our  own  publication,  "Manganese — Its  Value  in  Soil, 
Plant  and  Animal  Nutrition,  July,  1939,"  will  be  fur- 
nished free  to  those  interested  while  the  edition  lasts. 

The  Harshaw  Chemical  Company 
Cleveland,  Ohio 
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MANGANESE 
SULPHATE 

PURIFIED  -  FEED  GRADE 

Harshaw  manganese  sulphate  purified — feed 
grade  is  especially  prepared  for  addition  to 
feeds.  It  is  a  high  grade  compound,  readily 
soluble  in  water,  therefore,  easily  assimi- 
lated by  the  animal  body,  and  is  excel- 
lent in  metabolic  efficiency  for  correcting  a 
manganese  deficiency  in  animal  nutrition. 
.  .  .  Manganese  is  one  of  the  essential 
elements  to  all  life  and  is  particularly  re- 
quired for  growth  and  reproduction,  bone 
formation,  and  general  health.  Feeds  that 
arc  lacking  or  deficient  in  this  necessary 
element  should  be  corrected  by  the  addition 
of  Harshaw*s  Manganese  Sulphate — Feed 
grade.  .    .    . 
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ed a  number  of  satisfactory  starting  rations 
for  ringneck  pheasants  (Phasianus  colchlcus 
torquatus).  The  rations  have  been  tested 
thoroughly  under  carefully  controlled  experi- 
mental conditions.  Until  the  work  reported 
here  was  u^ 
been  possih 
mercial  r 

In  th 
tion 
ma'' 

r 


ed  by  the  regular  b 
The    experimental 
weeks. 

Each    group    was 
brooder   house,    12 
electric  brooder,  wi 
me  pniiinmfint  wpn 


•Mnoq  wpooaq  «q»  o?  »u90«fpB  pa«it  9m  ^  WAiatowin  *iil«|W«x»  P««  » 


quart  of  molasses  with  ten  gt 
This  mildly  laxative  drink  w^ 
precauuon  against  coccidiosis 
symptoms  of  coccidiosis  appej 
course  of  the  experiment 

Data 

The  chicks  were  weighed  by 
day    and    individually    when 
weeks  of  age.  At  the  time  of  e| 
weighing    every    chick    was 
symptoms  of  perosis.  For  purpj 
fication  the  chicks  were  indivj 
banded  when  two  weeks  of  ai 
sumption  records   were   kept 
basis.   Since  all  groups  fed  egj 
received   the  same  quantity 
record  of  the  consumption  of 
ments   was   kept.    Consequent 
sumption  as  used  in  this  paper 
intake.    The  amount  of  supple 
was  such  that  it  was  complete 
relatively  short  time.   Mortalil 
ed  daily. 

Results  and  Disci 

The    records    of    this    exp< 
studied  statistically  by  analysi 
(Snedecor,  1937).    Variations  b^ 
groups  fed  the  same  ration  w< 
insignificant.    For  this  reason 
be  made   only   to   rations  in 
results. 

Average  body  weights  of 
shown  in  table  3.     These  wei| 
adjusted  for  sex  variation  sii 
farm  program  necessitated  in 
birds  at  six  weeks  of  age  from 
ters  to  covered  fields  containing 
ants.    Catching  the  pheasants  f( 
inspection  was  impractical  un( 
ditions.    Accurate  sexing  by  e: 
ination  is  not  possible  for  bii 
However,    statistical   analysis 
much  smaller  groups  of  phe£ 
previous     experiments,     demoi 
equally  as  accurate  comparisoi 
pected  from  using  either  unac 
justed  weight  figures  for  six-w| 
Table  4  ranks  all  groups  accordi 
body  weight.  Comparisons  wer< 
rations  1,  2,  and  3  and  among 
and  3s.    Rations  1,  2„  and  3  w| 
pared  with  rations  Is,  2s,  and  3s 
All  weight  variations  were  she 
significant. 

Weekly  feed  consumption  p< 
culated  on  a  100  bird  basis,  is  s| 
5.  The  feeding  of  eggs  and  lei 
decrease  in  feed  consumption! 
case  of  ration  3s.  The  amoi 
consumed  was  significantly  gn 
amount  of  ration  3s.  Variations 
sumption  between  rations  1 
tween  2  and  2s  were  insignifics 
sumption  of  ration  1  was  signifij 


2U 


MANGANESE 
SULPHATE 

PURIFIED  -  FEED  GRADE 
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grade  is  especially  prepared  for  addition  to 
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A  Comparison  of  Pheasant  Starting  Rations 
Under  Practical  Commercial  Conditions* 


Yoanr  rtnm«ck8  In  brooder  hou»e  «t  Ix>yalMok  State  Game  Tarm. 


IN  recent  years  research  workers  at  The 
Pennsylvania  State  College  have  develop- 
ed a  number  of  satisfactory  starting  rations 
for  ringneck  pheasants  (Phusianus  colchicus 
torquatus).  The  rations  have  been  tested 
thoroughly  under  carefully  controlled  experi- 
mental conditions.  Until  the  work  reported 
here  was  undertaken,  however,  it  had  not 
been  possible  to  study  the  rations  under  com- 
mercial conditions. 

In  the  summer  of  1940  the  active  coopera- 
tion of  the  Pennsylvania  Game  Commission 
made  possible  two  large  scale  experiments. 
These  have  provided,  under  commercial  con- 
ditions of  propagation,  comparative  mfor- 
mation  on  three  acceptable  pheasant  starting 
mash  mixtures.  The  experiments  were  con- 
ducted at  the  Loyalsock  State  Game  Farm, 
Montoursville,  Pennsylvania. 

EXPERIMENT  ONE 

The  experiment  was  started  on  May  23, 
1940.  It  consisted  of  two  series  of  six  groups 
each,  a  total  of  twelve  groups.  Each  group 
contained  280  day-old  ringneck  pheasant 
chicks.  No  attempt  was  made  to  secure 
random  samples  of  chicks.  All  chicks  were 
hatched  at  the  game  farm  from  eggs  produc- 

•Paper  27  from  the  Pennnrlvanla  ^ooi^ritXly^WM' 
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ed  by  the  regular  breeding  stock  kept  there. 
The  experimental  brooding  period  was  six 
weeks. 

Each  group  was  brooded  in  a  circular 
brooder  house,  12  feet  in  diameter.  The 
electric  brooder,  water  fountains,  and  feed- 
ing equipment  were  the  same  as  those  used 
in  all  80  pheasant  brooder  houses  on  the 
farm.  The  usual  farm  routine  of  feeding, 
watering  and  housecleaning  was  followed. 
After  the  chicks  were  one  week  old,  weather 
permitting,  they  were  allowed  to  range  in  a 
yard,  about  100  square  feet  in  area.  At  two 
weeks  of  age  they  were  given  access  to  a 
yard  having  an  area  of  approximately  6,000 
square  feet.  A  legume  sod  mixed  with  cereal 
grains  was  maintained  in  all  yards. 

Rations  and  Feeding  Ssrstem 

In  1934,  Callenbach,  Hunter  and  Murphy 
formulated  a  successful  28  per  cent  protein 
pheasant  starting  mash.  In  order  to  provide 
this  high  level  of  protein,  a  special  65  per 
cent  protein  meat  scraps  was  used  instead 
of  the  more  usual  meat  scraps  of  50  to  55  per 
cent  protein  content.  Unforttmately,  some 
miUers  using  the  mash  formula  substituted 
for  the  65  per  cent  protein  meat  scraps  the 
more  easily  obtainable  meat  scraps  of  lower 
protein  and  higher  mineral  content.  The 
result  has  been  serious  difficulUes  from 
perosis.  To  obviate  this  situation,  Skoglund, 
in  1940,  developed  a  satisfactory  starting 
mash,  utilizing  soybean  oil  meal  and  50  per 
cent  protein  meat  scraps  as  sources  of  sup- 
plementary protein. 

In  this  experiment,  the  mash  mixture  de- 
veloped by  Skoglund  (1940)  was  designated 


mash  mixture  1  and  was  fed  to  groups  1,  2, 
7  and  8.    Groups  7  and  8  also  received  daily 
feedings    of   chopped    hard-boiled    pheasant 
eggs  for  the  first  three  weeks  and  chopped 
lettuce  throughout  the  experiment.     Groups 
3.  4,  9  and  10  were  fed  the  original  mash  mix- 
ture   formulated    by    Callenbach    and    co- 
workers  (1934),   and  designated  mash  mix- 
ture 2.    This  mixture  has  been  used  for  six 
years  at  the  Loyalsock  State  Game  Farm  with 
excellent  results.  The  supplements  fed  groups 
7  and  8  were  also  given  groups  9  and  10. 
Mash  mixture  3  in  this  experiment  was  a 
commercial  closed  formula  pheasant  starting 
mash  which  is  prepared  in  granular  for 
This  mixture  had   been  tested  in   previous 
years  and  was  found  to  be  satisfactory.     It 
was  fed  to  groups  5,  6,  11  and  12  with  groups 
11  and  12  receiving  the  same  supplements  as 
groups  7,  8,  9  and  10.  The  formulae  of  mash 
mixtures  1  and  2  are  shown  in  table  1.   The 
formula  of  mash  mixture  3  is  not  known. 
Table  2  gives  the  chemical  analyses  of  the 
three  mash  mixtures. 

The  schedule  for  feeding  the  mash  mixtures 
and  supplements  is  indicated  in  the  following 
outline.  Ration  number  indicates  the  mash 
mixture  fed.  The  letter  "s"  indicates  a  par- 
ticular mash  mixture  was  supplempnted  with 
eggs  and  lettuce. 


Group 
Number 


Ration 
Number 


Ration  Fed 
Supplement 


1  None 

1  None 

2  None 
I  None 
t                                  None 
I                                    None 
Ip  Ssv*    and    lettuce* 
tm  ETrffs   and   lettuce* 
2s  Bnre    and    lettuce* 
2b  Bfcffa   and    lettuce* 
29  Bnre   and    lettuce* 
3s  Egrs   and    lettuce* 

•Chopped  hard-boiled  eres  for  first  three  weeks  and 
chopped  lettuce  for  ^-ntlre  experiment:  dally  feedings. 

All  groups  had  constant  access  to  fresh 
water  and  granite  grit  except  that,  beginning 
with  the  second  week  and  each  week  there- 
after, the  water  was  replaced  for  one  entire 
day  per  week  with  a  dilute  molasses  solution. 
The  solution  was  prepared  by  mixing  one 


quart  of  molasses  with  ten  gallons  of  water. 
This  mildly  laxative  drink  was  given  as  a 
precauuon  against  coccidiosis  infestation.  No 
symptoms  of  coccidiosis  appeared  during  the 
course  of  the  experiment. 

Data 

The  chicks  were  weighed  by  groups  at  one 
day  and  individually  when  four  and  six 
weeks  of  age.  At  the  time  oi"  each  individual 
weighing  every  chick  was  examined  for 
symptoms  of  perosis.  For  purposes  of  identi- 
fication the  chicks  were  individually  wing- 
banded  when  two  weeks  oi  age.  Mash  con- 
sumption records  were  kept  on  a  weekly 
basis.  Since  all  groups  fed  eggs  and  lettuce 
received  the  same  quantity  by  weight,  no 
record  of  the  consumption  of  these  supple- 
ments was  kept.  Consequently,  feed  con- 
sumption as  used  in  this  paper  refers  to  mash 
intake.  The  amount  of  supplementary  feed 
was  such  that  it  was  completely  eaten  in  a 
relatively  short  time.  Mortality  was  record- 
ed daily. 

Results  and  Discussion 

The  records  of  this  experiment  were 
studied  statistically  by  analysis  of  variance 
(Snedecor,  1937).  Variations  between  paired 
groups  fed  the  same  ration  were  found  to  be 
insignificant.  For  this  reason  reference  will 
be  made  only  to  rations  in  reporting  the 
results. 

Average  body  weights  of  all  groups  are 
shown  in  table  3.  These  weights  were  not 
adjusted  for  sex  variation  since  the  game 
farm  program  necessitated  transfer  of  the 
birds  at  six  weeks  of  age  from  brooding  quar- 
ters to  covered  fields  containing  other  pheas- 
ants. Catching  the  pheasants  for  weighing  or 
inspection  was  impractical  under  these  con- 
ditions. Accurate  sexing  by  external  exam- 
ination is  not  possible  for  birds  so  young. 
However,  statistical  analysis  of  data  from 
much  smaller  groups  of  pheasants  used  in 
previous  experiments,  demonstrated  that 
equally  as  accurate  comparisons  may  be  ex- 
pected from  using  either  unadjusted  or  ad- 
justed weight  figures  for  six-week  old  birds. 
Table  4  ranks  all  groups  according  to  average 
body  weight.  Comparisons  were  made  among 
rations  1,  2,  and  3  and  among  rations  Is,  2s, 
and  3s.  Rations  1,  2„  and  3  were  also  com- 
pared with  rations  Is,  2s,  and  3s,  respectively. 
All  weight  variations  were  shown  to  be  in- 
significant. 

Weekly  feed  consumption  per  group,  cal- 
culated on  a  100  bird  basis,  is  shown  in  table 
5.  The  feeding  of  eggs  and  lettuce  caused  a 
decrease  in  feed  consumption  only  in  the 
case  of  ration  3s.  The  amount  of  ration  3 
consumed  was  significantly  greater  than  the 
amount  of  ration  3s.  Variations  in  tdtal  con- 
sumption between  rations  1  and  Is  and  be- 
tween 2  and  2s  were  insignificant.  The  con- 
sumption of  ration  1  was  significantly  greater 
than  that  of  ration  2.  The  variation  between 
rations  Is  and  2s  was  insignificant 

The  amounts  of  rations  3  and  3s  consumed 
were  very  significantly  less  than  those  of 
rations  1  or  2  and  Is  and  2s,  respectively. 
Wastage  was  probably  largely  responsible 
for  these  significant  differences.  The  chicks 
fed  the  mashes  in  rations  1,  2,  Is,  and  2s, 
threw  considerably  more  feed  out  of  the 
hoppers  than  chicks  fed  the  granular  mixture 
in  rations  3  and  3s.  No  measurement  of 
wastage  was  made,  but  observations  of  feed 


in  the  litter  around  hoppers  lend  weight  to 
the  suggestion. 

Table  6  shows  group  relationships  between 
feed  consumption  and  gain  in  body  weight. 
As  indicated  below  in  the  discussion  of  mor- 
tality, some  birds  which  escaped  from  the 
several  groups  were  returned  to  other  groups. 
Thus,  feed  consimiption  and  feed  efficiency 
data  are  not  completely  accurate.  They  are, 
however,  definitely  comparable.  Ration  2  was 
slightly  more  efficient  than  ration  1.  Varia- 
tions between  rations  1  and  Is,  2  and  2s, 
3  and  3s  and  Is  and  2s  were  insignificant. 
Variations  between  rations  1  and  3,  2  and  3, 
Is  and  3s  and  2s  and  3s  were  highly  signi- 
ficant in  favor  of  rations  3  and  3s  in  all  com- 
parisons. Wastage  of  mash  as  in  feed  con- 
sumption per  100  chicks,  also  had  consider- 
able influence  on  the  amount  of  feed  re- 
quired to  produce  a  poimd  of  gain  in  body 
weight  in  those  groups  fed  rations  1,  Is,  2 
and  2s. 

Variations  in  mortality  between  groups,  as 
shown  in  table  7,  were  insignificant.  The 
figures  in  table  7  are  listed  as  per  cent  mor- 
tality on  a  weekly  basis.  For  analysis  of 
variation  the  original  data  were  used,  only 
the  recorded  mortality  being  considered. 
Birds  listed  as  lost  or  gained  were  not  charg- 
ed against  the  respective  groups.  These  trans- 
fers between  groups  were  caused  by  birds 
flying  over  the  outside  fences  and  not  being 
returned  to  the  proper  pens. 

The  cost  of  pheasant  chicks  reared  is  de- 
pendent, in  large  part,  on  the  cost  of  feed. 
Cost  per  bird  and  cost  per  pound  of  body 
gain  for  mash  feed  consumed  were  calculated 
and  are  given  in  table  8.  These  figures  are 
based  on  feed  prices  as  of  June  1,  1940,  when 
mash  mixture  1  was  purchasable  for  $55.10, 
mixture  2  for  $60.39,  and  mixture  3  for  $86.40 
per  ton.  No  signiflcant  differences  were 
found  in  cost  of  mash  per  bird  between  the 
groups  fed  the  same  mash  mixtures,  either 
with  or  without  hard-boiled  eggs  and  lettuce 
as  a  supplement.  In  the  analysis  of  figures 
given  in  table  8,  rations  1  and  Is  were 
significantly  more  economical  than  rations  3 
and  3s.  Slightly  significant  differences  in 
cost  per  bird  were  found  when  rations  2  and 
2s  were  compared  with  rations  3  and  3s.  The 
differences  favored  rations  2  and  2s.  Rations 
1,  Is,  2,  and  2s  were  more  economical  than 
rations  3  and  3s  in  producing  a  pound   of 


body  gain.  No  significant  variation  was  found 
between  rations  1,  Is,  2  and  2s  when  com- 
pared in  all  possible  combinations.  From 
these  data  it  appears  that  even  with  the 
wastage  of  mash  mixtures  1  and  2,  they  were 
more  economical  than  mash  mixture  3.  The 
results  obtained  from  the  feeding  of  hard- 
boiled  eggs  and  lettuce,  in  addition  to  the 
mash  mixtures,  indicate  that  the  practice  did 
not  justify  the  expense  involved. 

EXPERIMENT  TWO 

On  July  11,  1940,  240  day-old  ringneck 
pheasant  chicks  were  placed  in  each  of  the 
same  twelve  broder  houses  used  in  Experi- 
ment One.  This  time  the  chicks  were  care- 
fully selected  by  random  sample,  some  from 
each  incubator  tray  being  placed  in  each 
group.  The  identification,  management  and 
feeding  of  the  chicks  were  the  same  as  in 
Experiment  One.  Although  new  yards  were 
used,  the  sod  was  less  abundant  than  for  the 
earlier  chicks.  Since  no  cases  of  perosis  were 
observed  in  the  first  experiment,  the  chicks 
in  Experiment  Two  were  not  individually 
examined  for  symptoms  of  this  nutritional 
disorder.  In  all  respects  other  than  those 
just  indicated,  Experiment  Two  was  a  dupli- 
cation of  Experiment  One. 

Results  and  Discussion 

The  data  were  analyzed  as  described  pre- 
viously. As  in  Experiment  One,  no  signifi- 
cant differences  were  found  to  exist  between 
paired  groups,  receiving  identical  rations,  in 
any  of  the  ways  compared. 

Average  body  weights  and  ranking  of  all 
groups  are  shown,  with  comparable  figures 
for  Experiment  One,  in  tables  3  and  4.  The 
weights  and  placements  were  determined  on 
the  same  basis  as  in  the  previous  experiment. 
Variations  between  rations,  compared  in  all 
possible  combinations,  were,  as  in  Experiment 
One,   insignificant. 

Weekly  feed  consumption  is  again  present- 
ed in  table  5.  Supplementary  feeding  of  hard- 
boiled  eggs  and  lettuce  resulted  in  a  signi- 
ficant reduction  in  mash  consumption  only 
with  mash  mixture  1.  A  significantly  greater 
amount  of  ration  1  was  consumed  than  of 
ration  2.  The  amounts  of  rations  3  and  3s 
consumed  were  foimd  to  be  considerably  less 
than  of  rations  1,  2,  Is  and  2s.  As  in  Experi- 
ment One,  the  groups  fed  rations  3  and  3s 


wasted  considerably  less  feed  than  did  groups 
fed  the  other  rations.  No  measurement  of 
feed  wastage  was  made. 

The  relation  of  feed  consumed  to  gain  in 
weight  is  shown  in  table  6.  Variation  be- 
tween rations  Is  and  2s,  2  and  2s,  and  3  and 
3s  were  insignificant.  Rations  Is,  2  and  3 
were  found  to  be  more  efficiently  utilized 
than  ration  1.  Ration  3s  was  significantly 
more  efficient  than  rations  Is  or  2s.  Varia- 
tion between  rations  2  and  3  was  found  to 
be  significant  in  favor  of  ration  3. 

Analysis  of  the  mortality  data,  table  7,  by 
the  same  method  as  used  in  Experiment  One 
showed  all  variations  to  be  insignificant.  For 
late  hatched  chicks,  the  mortality  was  very 
satisfactory.  More  trouble  was  experienced 
from  escaped  birds,  there  being  one  pen  with 
more  birds  at  the  end  than  at  the  beginning 
of  the  experiment.  It  is  not  known  why  so 
many  birds  were  lost  and  unaccounted  for  in 
group  2. 

Feed  costs  calculated  either  as  mash  con- 
sumed per  bird  or  per  pound  of  gain  were 
similar  to  results  of  Experiment  One,  as  in- 
dicated in  table  8.  In  both  experiments  mash 
mixtures  1  and  2  were  significantly  more 
economical  than  mash  mixture  3.  Variation 
between  groups  fed  mash  mixtures  1  and  2 
were  statistically  insignificant  in  both  experi- 
ments, but  the  trend  in  both  cases  was  in 
favor  of  mash  mixture  1. 

Summary 

1.  Two  experiments  of  12  groups  each,  in- 
volving a  total  of  6,240  ringneck  pheasant 
chicks,  were  conducted  under  practical, 
commercial  conditions  at  the  Loyalsock 
Game  Farm.  Three  mash  mixtures,  which 
varied  considerably  in  cost,  were  com- 
pared. The  mash  mixtures  were  fed  as 
complete  rations  and  with  supplements 
of  hard-boiled  eggs  and  lettuce. 

2.  Comparisons  were  made  of  body  weights, 
feed  efficiency,  feed  consumption,  feed 
costs  and  mortality. 

3.  All  three  mash  mixtures  were  foimd  to 
be  adequate  and  satisfactory  for  produc- 
ing   desirable    six-week  / 

Mortality  in  all  groups  w 
ering  was  excellent. 
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quart  of  molasses  with  ten  gallons  of  water. 
This  mildly  laxative  drink  was  given  as  a 
precaution  against  coccidiosis  infestation.  No 
symptoms  of  coccidiosis  appeared  during  the 
course  of  the  experiment. 

Data 

The  chicks  were  weighed  by  groups  at  one 
day  and  individually  when  four  and  six 
weeks  of  age.  At  the  time  of  each  individual 
weighing  every  chick  was  examined  for 
symptoms  of  perosis.  For  purposes  of  identi- 
fication the  chicks  were  individually  wing- 
banded  when  two  weeks  of  age.  Mash  con- 
sumption records  were  kept  on  a  weekly 
basis.  Since  all  groups  fed  eggs  and  lettuce 
received  the  same  quantity  by  weight,  no 
record  of  the  consumption  of  these  supple- 
ments was  kept.  Consequently,  feed  con- 
sumption as  used  in  this  paper  refers  to  mash 
intake.  The  amount  of  supplementary  feed 
was  such  that  it  was  completely  eaten  in  a 
relatively  short  time.  Mortality  was  record- 
ed daily. 

Results  and  Discussion 

The  records  of  this  experiment  were 
studied  statistically  by  analysis  of  variance 
(Snedecor,  1937).  Variations  between  paired 
groups  fed  the  same  ration  were  found  to  be 
insignificant.  For  this  reason  reference  will 
be  made  only  to  rations  in  reporting  the 
results. 

Average  body  weights  of  all  groups  are 
shown  in  table  3.  These  weights  were  not 
adjusted  for  sex  variation  since  the  game 
farm  program  necessitated  transfer  of  the 
birds  at  six  weeks  of  age  from  brooding  quar- 
ters to  covered  fields  containing  other  pheas- 
ants. Catching  the  pheasants  for  weighing  or 
inspection  was  impractical  under  these  con- 
ditions. Accurate  sexing  by  external  exam- 
ination is  not  possible  for  birds  so  young. 
However,  statistical  analysis  of  data  from 
much  smaller  groups  of  pheasants  used  in 
previous  experiments,  demonstrated  that 
equally  as  accurate  comparisons  may  be  ex- 
pected from  using  either  unadjusted  or  ad- 
justed weight  figures  for  six-week  old  birds. 
Table  4  ranks  all  groups  according  to  average 
body  weight.  Comparisons  were  made  among 
rations  1,  2,  and  3  and  among  rations  Is,  2s, 
and  3s.  Rations  1,  2„  and  3  were  also  com- 
pared with  rations  Is,  2s,  and  3s,  respectively. 
All  weight  variations  were  shown  to  be  in- 
significant. 

Weekly  feed  consumption  per  group,  cal- 
culated on  a  100  bird  basis,  is  shovm  in  table 
5.    The  feeding  of  eggs  and  lettuce  caused  a 
decrease  in  feed   consumption  only  in   the 
case  of  ration  3s.    The  amount  of  ration  3 
consumed  was  significantly  greater  than  the 
amount  of  ration  3s.    Variations  in  total  con- 
sumption between  rations  1  and  Is  and  be- 
tween 2  and  2s  were  insignificant.    The  con- 
sumption of  ration  1  was  signifli:antly  greater 
Wian  that  of  ration  2.    The  variation  between 
rations  Is  and  2s  was  insignificant. 

The  amounts  of  rations  3  and  3s  consumed 
were  very  significantly  less  than  those  of 
rations  1  or  2  and  Is  and  2s,  respectively. 
Wastage  was  probably  largely  responsible 
for  these  significant  differences.  The  chicks 
fed  the  mashes  in  rations  1,  2,  Is,  and  2s, 
threw  considerably  more  feed  out  of  the 
hoppers  than  chicks  fed  the  granular  mixture 
in  rations  3  and  3s.  No  measurement  of 
wastage  was  made,  but  observations  of  feed 


in  the  litter  around  hoppers  lend  weight  to 
the  suggestion. 

Table  6  shows  group  relationships  between 
feed  consumption  and  gain  in  body  weight. 
As  indicated  below  in  the  discussion  of  mor- 
tality, some  birds  which  escaped  from  the 
several  groups  were  returned  to  other  groups. 
Thus,  feed  consumption  and  feed  efficiency 
data  are  not  completely  accurate.  They  are, 
however,  definitely  comparable.  Ration  2  was 
slightly  more  efficient  than  ration  1.  Varia- 
tions between  rations  1  and  Is,  2  and  2s, 
3  and  3s  and  Is  and  2s  were  insignificant. 
Variations  between  rations  1  and  3,  2  and  3, 
Is  and  3s  and  2s  and  3s  were  highly  signi- 
ficant in  favor  of  rations  3  and  3s  in  all  com- 
parisons. Wastage  of  mash  as  in  feed  con- 
sumption per  100  chicks,  also  had  consider- 
able influence  on  the  amount  of  feed  re- 
quired to  produce  a  poimd  of  gain  in  body 
weight  in  those  groups  fed  rations  1,  Is,  2 
and  2s. 

Variations  in  mortality  between  groups,  as 
shown  in  table  7,  were  insignificant.  The 
figures  in  table  7  are  listed  as  per  cent  mor- 
tality on  a  weekly  basis.  For  analysis  of 
variation  the  original  data  were  used,  only 
the  recorded  mortality  being  considered. 
Birds  listed  as  lost  or  gained  were  not  charg- 
ed against  the  respective  groups.  These  trans- 
fers between  groups  were  caused  by  birds 
flying  over  the  outside  fences  and  not  being 
returned  to  the  proper  pens. 

The  cost  of  pheasant  chicks  reared  is  de- 
pendent, in  large  part,  on  the  cost  of  feed. 
Cost  per  bird  and  cost  per  pound  of  body 
gain  for  mash  feed  consumed  were  calculated 
and  are  given  in  table  8.  These  figures  are 
based  on  feed  prices  as  of  June  1,  1940,  when 
mash  mixture  1  was  purchasable  for  $55.10, 
mixture  2  for  $60.39,  and  mixture  3  for  $86.40 
per  ton.  No  signiflcant  differences  were 
found  in  cost  of  mash  per  bird  between  the 
groups  fed  the  same  mash  mixtures,  either 
with  or  without  hard-boiled  eggs  and  lettuce 
as  a  supplement.  In  the  analysis  of  flgures 
given  in  table  8,  rations  1  and  Is  were 
significantly  more  economical  than  rations  3 
and  3s.  Slightly  signiflcant  differences  in 
cost  per  bird  were  found  when  rations  2  and 
2s  were  compared  with  rations  3  and  3s.  The 
differences  favored  rations  2  and  2s.  Rations 
1,  Is,  2,  and  2s  were  more  economical  than 
rations  3  and  3s   in  producing  a  pound   of 


body  gain.  No  signiflcant  variation  was  found 
between  rations  1,  Is,  2  and  2s  when  com- 
pared in  all  possible  combinations.  From 
these  data  it  appears  that  even  with  the 
wastage  of  mash  mixtures  1  and  2,  they  were 
more  economical  than  mash  mixture  3.  The 
results  obtained  from  the  feeding  of  hard- 
boiled  eggs  and  lettuce,  in  addition  to  the 
mash  mixtures,  indicate  that  the  practice  did 
not  justify  the  expense  involved. 

EXPERIMENT  TWO 

On  July  11,  1940,  240  day-old  ringneck 
pheasant  chicks  were  placed  in  each  of  the 
same  twelve  broder  houses  used  in  Experi- 
ment One.  This  time  the  chicks  were  care- 
fully selected  by  random  sample,  some  from 
each  incubator  tray  being  placed  in  each 
group.  The  identification,  management  and 
feeding  of  the  chicks  were  the  same  as  in 
Experiment  One.  Although  new  yards  were 
used,  the  sod  was  less  abundant  than  for  the 
earlier  chicks.  Since  no  cases  of  perosis  were 
observed  in  the  first  experiment,  the  chicks 
in  Experiment  Two  were  not  individually 
examined  for  symptoms  of  this  nutritional 
disorder.  In  all  respects  other  than  those 
just  indicated,  Experiment  Two  was  a  dupli- 
cation of  Experiment  One. 

Results  and  Discussion 

The  data  were  analyzed  as  described  pre- 
viously. As  in  Experiment  One,  no  signifi- 
cant differences  were  found  to  exist  between 
paired  groups,  receiving  identical  rations,  in 
any  of  the  ways  compared. 

Average  body  weights  and  ranking  of  all 
groups  are  shown,  with  comparable  figures 
for  Experiment  One,  in  tables  3  and  4.  The 
weights  and  placements  were  determined  on 
the  same  basis  as  in  the  previous  experiment. 
Variations  between  rations,  compared  in  all 
possible  combinations,  were,  as  in  Experiment 
One,   insignificant. 

Weekly  feed  consumption  is  again  present- 
ed in  table  5.  Supplementary  feeding  of  hard- 
boiled  eggs  and  lettuce  resulted  in  a  signi- 
ficant reduction  in  mash  consumption  only 
with  mash  mixture  1.  A  significantly  greater 
amount  of  ration  1  was  consumed  than  of 
ration  2.  The  amounts  of  rations  ^  and  3s 
consumed  were  found  to  be  considerably  less 
than  of  rations  1,  2,  Is  and  2s.  As  in  Experi- 
ment One,  the  groups  fed  rations  3  and  3s 


wasted  considerably  less  feed  than  did  groups 
fed  the  other  rations.  No  measurement  of 
feed  wastage  was  made. 

The  relation  of  feed  consumed  to  gain  in 
weight  is  shown  in  table  6.  Variation  be- 
tween rations  Is  and  2s,  2  and  2s,  and  3  and 
3s  were  insignificant.  Rations  Is,  2  and  3 
were  found  to  be  more  efficiently  utilized 
than  ration  1.  Ration  3s  was  significantly 
more  efficient  than  rations  Is  or  2s.  Varia- 
tion between  rations  2  and  3  was  found  to 
be  significant  in  favor  of  ration  3. 

Analysis  of  the  mortality  data,  table  7,  by 
the  same  method  as  used  in  Experiment  One 
showed  all  variations  to  be  insignificant.  For 
late  hatched  chicks,  the  mortality  was  very 
satisfactory.  More  trouble  was  experienced 
from  escaped  birds,  there  being  one  pen  with 
more  birds  at  the  end  than  at  the  beginning 
of  the  experiment.  It  is  not  known  why  so 
many  birds  were  lost  and  unaccounted  for  in 
group  2. 

Feed  costs  calculated  either  as  mash  con- 
sumed per  bird  or  per  pound  of  gain  were 
similar  to  results  of  Experiment  One,  as  in- 
dicated in  table  8.  In  both  experiments  mash 
mixtures  1  and  2  were  significantly  more 
economical  than  mash  mixture  3.  Variation 
between  groups  fed  mash  mixtures  1  and  2 
were  statistically  insignificant  in  both  experi- 
ments, but  the  trend  in  both  cases  was  in 
favor  of  mash  mixture  1. 

Summary 

1.  Two  experiments  of  12  groups  each,  in- 
volving a  total  of  6,240  ringneck  pheasant 
chicks,  were  conducted  under  practical, 
commercial  conditions  at  the  Loyalsock 
Game  Farm.  Three  mash  mixtures,  which 
varied  considerably  in  cost,  were  com- 
pared. The  mash  mixtures  were  fed  as 
complete  rations  and  with  supplements 
of  hard-boiled  eggs  and  lettuce. 

2.  Comparisons  were  made  of  body  weights, 
feed  efficiency,  feed  consumption,  feed 
costs  and  mortality. 

3.  All  three  mash  mixtures  were  foimd  to 
be  adequate  and  satisfactory  for  produc- 
ing desirable  six-week  old  pheasants. 
Mortality  in  all  groups  was  low  and  feath- 
ering was  excellent. 
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4.  Rations  1,  Is,  2  and  2s  were  more  econom- 
ical than  rations  3  to  3s  in  producing  an 
individual  bird  or  in  producing  a  pound 
of  gain  in  body  weight. 

5.  Supplementary  feeding  of  hard-boiled 
eggs  and  lettuce  with  an  adequate  mash 
mixture  apparently  has  no  effect  on  the 
quality  or  quantity  of  birds  raised  and 
increases  labor  and  feed  costs. 
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Table  1.— Formulae  of  mash  mixtures. 

Ingredients                             Mixture  1  Mixture  S 

pounds  pounds 

Ground  yellow  corn    11.2  20.0 

Wheat    bran    16.0  IS.O 

Flour  wheat  middUnss   12.6  12.6 

Ground    heavy   oats     10.0  10.0 

Dry  skim  milk 12.6  12.6 

Alfalfa  leaf  meal 6.0  6.0 

White   flsh   meal    2.76  11.0 

Salt    .6  .6 

Cod    liver    oil    (400    A.O.A.C. 

chick   units  Vitamin    D    per 

srram)  . . .26  .26 

Meat  scraps  (65%    protein) 11. 1 

Meat  scraps  (50%    protein)...      11.06  .... 

.Soybean   oil  mash    19.6  .... 

Manganese  sulfate    .026  .026 

Total    100.276  100.276 


Table  Z. — Chemical  composition  of  mash  mixtures. 


Mash 

Mixture 

Moisture 

Ash 

Protein 

Calcium      Phosphoru 

B     Mansranese 

Ca:  P 

per  cent 

per  cent 

per  cent 

per  cent        per  cent 

per  cent 

ratio 

1 

10.36 

8.64 

26.79 

1.74 

1.29 

.0099 

1.86:1 

2 

9.90 

7.86 

27.10 

1.64 

l.li 

.0102 

1.41:1 

t 

8.66 

8.31 

27.88 

2.27 

1.16 

.0104 

1.07:1 

Table  3 — Average  body  weig hte. 

Experiment  One 

Experiment  Twc 

» 

Group  No. 

Ration  No. 

Day-old 

4  week.s 

4  week.s 

Day-old      4  weeks 

4  weeks 

KianiH 

grams 

Kraiii.'' 

Krams           fframs 

rrams 

1 

1 

20.53 

126.9 

238.4 

20. 

91              110.6 

217.6 

2 

1 

21.42 

137.4 

250.6 

20 

89              106.4 

216.8 

1 

s 

20.12 

160.9 

262.0 

20 

86              128.8 

247.2 

4 

2 

20.69 

156.0 

264.7 

20 

90              126.4 

242.2 

6 

3 

21.68 

160.1 

277.8 

20 

69              129.0 

244.4 

f 

3    • 

21.89 

134.0 

265.6 

20 

78               126.2 

339.8 

Is 

21.59 

164.4 

257.5 

20 

78               116.1 

227.7 

9 

t 

Is 

19.70 

160.9 

262.2 

20.65               116.6 

281.8 

9 
10 
11 
12 

2s 

21.00 

161.8 

270.6 

20 

66                118.0 

238.7 

2s 

22.91 

170.2 

289.3 

20.67               126.1 

246.6 

3s 

22.58 

168.4 

266.4 

20.62               118.6 

211.4 

3s 

21.84 

148.0 

267.7 

20. 

78               118.4 

2t».$ 

Table  4.— Group  ranking 

on  the  basis  of  average  body  weights. 

Experiment 

One 

Experiment  Two 

Group  No. 

Ration  No. 

Day-old 
rank 

4  weeks 
rank 

6  weeks 
rank 

Day-old       4  weeks 
rank             rank 

6  weeks 
rank 

1 
2 
3 

4 

1 

1 

!• 

12 

12 

1                  11 

11 

10 

11 

3                   12 

12 

X 

•> 

2 

11 

10 
6 

2 

4                     2   . 
2                     2 

12                     1 

5 
6 

3 
3 

4  _ 

12 

11 

5 
9 

5  4 

6  10 

10 

7 

8 

9 

10 

11 

12 

Is 
Is 
2s 
2s 
2t 
tfl 

7 
3 
1 
4 

t 

10  t 
9                    t 
8                    6 

11  • 
7                   t 

Table  5.— Weekly  feed  consumption  per  100  chicks. 


Experiment  One 


Group  No. 

Ration  Vo 

1 

* 

1 

jt 

1 

A 

2 

2 

5 

3 

3 

T 

Is 

1   g 

Is 

10 

2s 
2s 

ill 

3s 

IS 

3s 

Jl- 

Group  No. 

Ration  No. 

1 

1 

2 

1. 

S 

S 

^    i 

s 

s 

t 

/  7 

l8 

Is 

28 

!• 

28 

, 

11 

88 

IS 

3s 

Table 

Group  No. 

Ration  No. 

1 

1 

s 

1 

s 

2 

4 

2 

S 

S 

c 

3 

7 

Is 

8 

Is 

9 

2s 

10 

2s 

11 

3s 

12 

3s 

pounds 

6.05 
6.64 
7.03 
7.27 
3.96 
4.4  8 
7.36 
7.25 
7.66 
8.23 
5.37 
5.58 


1 

pounds 

7.60 
7.09 
7.08 
7.60 
6.83 
6.42 
7.92 
8.36 
7.64 
7.08 
6.00 
6.44 


2 

pounds 

16.67 
18.66 
13.38 
14.34 
16.17 
15.03 
16.66 
16.95 
14.55 
12.90 
10.93 
9.49 


3 

pounds 

31.28 
27.68 
24.06 
25.00 
24.44 
24.26 
29.55 
29.03 
27.16 
24.72 
24.91 
27.45 


Weeks  of 

4 
pounds 

42.74 
40.38 
40.00 
40.33 
25.38 
26.31 
38.48 
39.86 
40.59 
37.50 
23.49 
21.76 


Aire 
5 
pounds 

45.65 
47.53 
47.49 
48.98 
43.66 
43.34 
47.60 
48.17 
52.17 
47.75 
39.40 
41.92 


Experiment  Two 


2 

pounds 

17.15 
17.64 
17.71 
16.82 
14.70 
14.63 
17.22 
16.73 
16.38 
16.24 
13.30 
12.18 


S 

pounds 

21.63 
26.60 
22.89 
21.00 
11.69 
16.03 
23.45 
23.69 
21.98 
21.36 
16.96 
16.52 


Weeks  of 

4 
pounds 

31.64 
32.13 
32.06 
31.99 
24.36 
26.88 
28.86 
29.82 
36.21 
88.39 
22.26 
21.56 


Age 
5 
pounds 

41.51 
46.20 
39.41 
41.65 
33.74 
36.49 
40.04 
43.40 
39.27 
40.82 
32  83 
32.12 


6 
pounds 

58.41 
55.69 
53.10 
54.47 
40.54 
41.66 
56.21 
56.36 
59.75 
51.49 
40.82 
37.37 


6 
pounds 

52.57 
68.77 
62.85 
49.21 
41.61 
38.16 
62.85 
66.79 
54.26 
61.10 
46.64 
45.08 


Total 
pounds 

200.80 
196.68 
185.06 
190.39 
164.15 
155.08 
195.86 
197.62 
201.88 
182.59 
144.92 
143.67 


Total 
pounds 

172.00 
193.43 
172.00 
167.17 
186.78 
136.80 
169.83 
177.69 
174.63 
169.48 
184.99 
133.40 


.—Pounds  of  feed  required  to  produce  a  pound  of  gain. 


Experiment  One 


To  4  weeks 
pounds 

4.13 
3.65 
2.93 
2.91 
2.29 
2.84 
3.14 
3.22 
2.90 
2.57 
2.16 
2.31 


To  6  weeks 
pounds 

4.18 
3.91 
3.62 
3.54 
2.73 
2.89 
3.77 
3.70 
3.67 
3.11 
2.70 
2. 70 


Experiment  Two 


To  4  weeks 
pounds 

3.94 
4.43 
3.35 
3.28 
2.57 
2.73 
3.70 
3.75 
3.78 
3.39 
2.62 
2.59 


To  6  weeka 
pounds 

3.97 
4.61 
3.46 
3.43 
2.77 
2.83 
3.72 
3.83 
3.72 
3.42 
2.90 
2.85 


Table  7.— Per  cent  mortality. 


Group 
No. 


Ration 
No. 


i 

« 
I 
I 

f 
I 
I 

II 

w 


Group 
No. 


s 
s 
2.S 
2s 
3s 
3s 


Ration 
No. 


per  cent 

9.64 
1.07 
1.79 
5.36 
2.50 
1.07 
1.07 
2.50 
6.78 
0.71 
0.71 
1.79 


Experiment  One  (280  birds  per 
Weeks  of  age 

2                  3                  4  5 

per  cent  per  cent  per  cent  per  cent 

1-43             0.00  0.00  1.79 

0.36              0.00  0.00  1.43 

107             1.07  0.36  0.36 

0-71             1.07  0.71  0.00 

0.36             0.00  0.00  0.00 

0.36              0.71  0.36  1.07 

1.43             0.00  0.00  0.00 

1-79             0.00  0.00  0.3C 

2.50             0.00  0.36  0.00 

1-43              0.36  0.00  0.00 

1-43             0.71  0.00  0.00 

2.50             0.36  0.00  0.36 


group) 


per  cent 

0.36 
0.00 
0.71 
0.00 
0.00 
0.00 
0.36 
0.00 
0.00 
0.36 
0.36 
0.36 


Experiment  Two  (240   birds  per  group) 


1 


2 

per  cent    per  cent 

1  0.00  0.83 

1  0.42  2.08 

2  0.00  2.60 
2  0.00  0.42 
»  0.00  1.25 
8  0.00  0.83 
!•  0.00  1.67 
Is  0.42  0.00 
2s  0.88  0.00 
S«  0.00  0.42 
S»  0.00  0.00 

1*  8s  0.83  0.42 

•Extra  birds  In  pen.   from  one 
thot«  that  lost  their  win«  bands. 


Weeks  of  age 


of 


3 

per  cent 

2.50 
5.83 
1.67 
1.25 
0.83 
0.83 
1.67 
1.25 
1.26 
0.00 
2.08 
1.26 

unbanded 


per  cent 

2.08 
2.92 
1.25 
0.83 
0.42 
0.83 
6.00 
7.08 
1.26 
1.26 
1.26 
1.26 

groups 


S 

per  cent 

1.26 
0.42 
0.42 
0.83 
0.00 
0.00 
0.42 
1.25 
0.42 
0.83 
0.00 
0.83 

not  in  the 


6 


Total 
Recorded 
per  cent 

13.21 

2.86 
5.36 
7.86 
2.86 
3.57 
2.86 
4.64 
9.64 
2.86 
3.21 
5.36 


Total 
Recorded 


IwOSt 

per  cent 


5. 
2. 
2. 
3. 
2. 


.00 
60 
50 
93 
,86 
1.43 
0.71 
3.21* 
8.57 
0.71 
2.14 
2.14 


I^ost 


Total 
Mortality 
per  cent 

18.21 
5.36 
7.86 

11.79 
5.72 
5.00 
3.57 
1.43 

18.21 
3.57 
5.36 
7.50 


Total 
Mortality 


per  cent      per  cent        per  cent      per  cent 


0.42 
0.83 
0.00 
0.83 
0.00 
0.42 
0.42 
0.42 
1.67 
0.42 
0.00 
1.25 


7.08 
12.50 
6.83 
4.17 
2.60 
2.92 
9.17 
10.42 
5.42 
2.92 
3.33 
6.83 


0.42 
17.08 
0.42 
0.42* 
0.00 
42* 
26* 
0.42 
0.83* 
3.76* 
6.00 
0.83» 


0. 
1. 


7.S0 
29.68 
6.26 
3.7S 
2.60 
2.60 
7.12 
10.83 
4.68 
0.83* 
8.33 
6.00 


experiments,  birds  weighed  the  same  as 


Table  8.— Cost  of  mash  mixtures  per  bird  and  per  pound 
of  gain  in  body  weight  to  6  weeks  of  age. 


(Costs  based  on  prices  of  June  1,   1940) 


Group  No. 

Ration  No 

1 

2 

Is 

Is 

Ss 

10 

U 

11 

u 

12 

u 

Experiment  One 
CoBt  per  Cost  per 

bird  pound  of  gain 

<'«nts  rents 


6.14 

12.8 

6.81 

11.5 

6.26 

12.2 

6.48 

12.0 

7.22 

12.8 

7.26 

13.6 

6.94 

11.4 

6.79 

10.8 

7.07 

12.8 

6.96 

10.6 

6.88 

12.8 

8.84 

18.2 

Experiment  Two 
Cost  per  Cost  per 

bird  pound  of  gain 

cents  cents 


5.08 
5.99 
6.60 
6.88 
6.18 
6.16 
6.08 
5.34 
8.69 
6.28 
6.88 
8.14 


11.7 
14.0 
11.0 
10.9 
12.6 
12.8 
11.0 
11.6 
11.8 
10.8 
18.7 
It.l 


Reprinted  from  Peoceedings  of  the  Society  foe  Expeeimental  Biology  and 

Medicine,  1941,  48,  456-458 
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Biotin  and  Prevention  of  Dermatitis  in  Turkey  Poults.* 

H.  Patrick,  R.  V.  Boucher,  R.  Adams  Butcher  and 

H.  C.  Knandel. 

From  the  Departments  of  Agricultural  and  Biological  Chemistry  and  Poultry 
HushaTidry,  The  Pennsylvania  State  College,  State  College,  Pa. 

During  attempts  to  determine  the  riboflavin  requirement  of 
poults,  in  which  both  simplified  and  commercial  type  rations  were 
used,  dermatitis  occurred  regardless  of  the  riboflavin  intake.  Jukes^ 
reported  that  riboflavin  prevented  dermatitis  in  poults.  Recently, 
Hegsted,  et  al.,^  reported  a  dermatitis  in  chicks  distinct  from  panto- 
thenic acid  deficiency  and  apparently  unrelated  to  riboflavin.  Since 
the  dermatitis  observed  by  us  in  turkeys  appeared  to  be  similar  to 
that  described  by  Hegsted,  et  al,  the  essential  role  of  biotin  in  turkey 
nutrition  was  investigated. 

The  basal  ration  had  the  following  percentage  composition :  corn 
starch,  32.8;  purified  casein,  30;  purified  wheat  bran,  20;  polished 
rice,  5 ;  soybean  oil,  5 ;  cod  liver  oil  (400  D),  1 ;  wheat  germ  oil,  2; 
mineral  mixture,  4;  choline,  0.2;  thiamin,  0.0005.  and  pyridoxin, 
0.0005.  Day-old  Bronze  turkey  poults  were  used  throughout  the 
experiment.  They  were  kept  in  electrically  heated  brooders,  equipped 
with  hardware  cloth  floors.  The  experimental  ration  and  water 
were  always  available. 

The  results  recorded  in  Table  I  are  typical  of  those  secured  in 

♦Authorized  for  publication  on  October  20,  1941,  as  paper  No.  1052  in  the 
Journal  Series  of  the  Pennsylvania  Agricultural  Experiment  Station.  This  research 
was  aided  by  a  grant  from  the  Cooperative  G.  L.  F.  Exchange,  Inc.,  Ithaca,  N.Y. 

1  Jukes,  T.  H.,  Poultry  Sci.,  1938,  17,  227. 

2  Hegsted,  D.  Mark,  Oleson,  J.  J.,  Mills,  R.  C,  Elvehjem,  C.  A.,  and  Hart,  E.  B., 

J.  Nutr.,  1940,  20,  599. 


BiOTiN  AND  Turkey  Dermatitis 

experiments  involving  more  than  1000  poults.  Incipient  lesions  ap- 
peared at  2  to  3  weeks  of  age.  The  areas  between  the  toes,  on  the 
bottoms  of  the  feet  and  at  the  proximal-dorsal  portion  of  the  upper 
beak  showed  definite  lesions.  The  feet  became  completely  encrusted 
and  hemorrhagic  cracks  appeared  as  the  manifestation  of  the  de- 
ficiency progressed.  The  toes,  in  severe  cases,  became  necrotic  and 
sloughed  off  while  the  shank  became  calloused.  The  eyes  became 
encrusted  and  eventually  closed  due  apparently  to  an  exudate.  It  is 
felt  that  this  eye  disorder  is  not  necessarily  an  accompanying  feature 
of  the  dermatitis  since  its  severity  did  not  parallel  the  incidence  of 
dermatitis  on  the  feet  and  beak. 

Crystalline  riboflavin,  varying  from  none  to  0.0005%,  did  not 
protect  the  turkeys  from  dermatitis.  Calcium  pantothenate,  nico- 
tmic  acid,  cane  molasses,  the  water-soluble  fractions  of  dried  beef 
liver  and  dried  brewer's  yeast,  and  the  alcohol-soluble  fraction  of 
dried  beef  liver  were  also  ineffective.  The  residues  from  liver  and 
yeast  gave  complete  protection. 


TABLE  I. 

Dermatitis  Preventive  Action  of  Supplements. 


Eesults  at  4  weeks  of  age 


Supplements 


Disorders 


Riboflavin,  % 


Concentrates 


0 
.0002 
.0005 

}  y 
ff 
99 
9» 
If 

yi 

99 

yy 
fy 

99 

ft 
yy 


None 
f> 

5%  feeding  cane  molasses 

.014%  Ca-pantothenate 

.4%  nicotinic  acid 

8%  filtrate  from  psptic  digest  of  liver 

10%  norite  adsorbate  of  filtrate  from 

peptic  digest  of  liver 
5%  water  extr.  of  liver  (4080)* 
4%  alcohol  extr.  of  liver  (4303)* 
10%  liver  residue  (4081)* 
10%  desiccated  liver 
3.2%  R-S  concentratef 
5%  yeast  residue  t 
5%      ^'  »' 

5%  dried  yeast  t 

40  rat  units  biotin  daily  per  poult 

Control  for  biotin  supplemented  group 


Poults  Mortality  Eyes     Feet     Beak 

No.  %  wt,g       %         %         % 


6 

83 

82 

83 

34 

83 

82 

78 

100 

41 

25 

53 

18 

72 

203 

22 

44 

67 

n 

71 

181 

48 

43 

62 

u 

39 

210 

55 

78 

83 

12 

58 

115 

0 

50 

50 

12 

42 

190 

0 

0 

0 

12 

87 

202 

0 

0 

0 

6 

100 

33 

100 

100 

6 

17 

296 

0 

33 

50 

i 

0 

392 

0 

0 

0 

8 

0 

417 

0 

0 

0 

12 

87 

200 

25 

75 

75 

26 

4 

330 

0 

0 

0 

22 

36 

136 

0 

0 

0 

20 

5 

381 

0 

0 

0 

10 

10 

180$ 

0 

0 

0 

9 

44 

182$ 

11 

89 

89 

t?t?i?f  1^"*  outlined  by  Schumacher,  A.  E,  and  Heuser,  G.  F.,  Poultry  Sci    1940  29   ^15 

of  in£s"er%'usX&Vo!'*'*  "'^""''"^'^  '"™"''^'  *''^°"^'>  ^"^  -"^-^  "^  ^-  K.  Tkn^lu 
JThese  body  weights  were  taken  at  21  days. 
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Biotin  and  Turkey  Dermatitis 

Gyorgy,  et  a/./  stated  that  biotin  could  not  be  removed  from  liver 
or  yeast  by  ordinary  methods  of  solvent  extraction  but  could  be 
removed  by  peptic  digestion.  Accordingly  liver  was  digested  with 
pepsin  and  the  filtrate  concentrated  in  vacuo.  The  peptic  filtrate 
and  a  norite  adsorbate  of  the  peptic  filtrate  were  both  active.  This 
suggested  that  biotin  was  probably  the  active  factor  present  in  the 
liver  and  yeast  residues.  To  confirm  this  point  a  biotin  concentrate 
(S.M.A.  5000)  reportedly  free  of  other  members  of  the  B  complex, 
was  fed  daily  by  pipette  at  a  level  of  40  rat  units  per  day.  Complete 
protection  from  dermatitis  resulted  while  a  group  receiving  the  same 
ration,  but  without  biotin,  developed  severe  dermatitis  in  89%  of 
the  poults. 

Poults  receiving  the  basal  ration  supplemented  with  5%  yeast 
residue  grew  slowly  and  did  not  develop  dermatitis.  Poults  re- 
ceiving the  basal  ration  plus  5%  yeast  residue  and  0.0005%  ribo- 
flavin grew  rapidly  without  developing  dermatitis. 

Under  the  conditions  of  this  experiment  riboflavin  did  not  pre- 
vent dermatitis  in  turkey  poults,  while  biotin  at  a  level  of  40  rat 
units  per  day  was  effective.  Other  concentrates  used  in  feeding 
trials,  reported  in  Table  I,  also  possessed  the  dermatitis-preventing 
properties  ascribed  to  biotin. 

3  Gyorgy,  P.,  Kuhn,  E.,  and  Lederer,  E.,  J.  Biol.  Chem.y  1939,  131,  745. 
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Observations  on  the  Pathology  of  Dairy  Calves  on 

Low  Vitamin  A  Diets 

W.  T.  S.  THORP,  D.VjM..  M.S..  H.  A.  KEENER,  Ph.D.,  S.  I.  BECHDEL.   Ph.D..  and  N.  B. 

GUERRANT.  Ph.D. 
State  College,  Pa. 


Abnormal,  physiologic  and  tissue  changes 
due  to  a  low  intake  of  carotene  have  been 
reported  in  the  dairy  calf. 

Review  of  Literature 

Moore,  Huffman  and  Duncan^  reported  on  a 
blindness  in  calves  of  nutritional  origin  asso- 
ciated with  constriction  of  the  optic  foramen. 
Moore^  reported  that  calves  fed  low  carotene 
rations  developed  nyctalopia,  papilledema  and 
a  permanent  blindness  due  to  constriction  of 
the  optic  nerve.  Guilbert  and  Harf  established 
the  relationship  of  night  blindness  to  vitamin  A 
deficiency  in  the  bovine  species.  A  degenera- 
tion of  the  germinal  epithelium  of  the  testes, 
absence  of  spermatozoa  in  the  epididymus  and 
changes  in  the  pituitary  gland  were  reported 
by  Sutton,  Krauss  and  Hansard.*  Moore  and 
Sykes^  showed  that  increased  cerebrospinal 
pressure    was   associated   with   vitamin    A-defi- 


♦Paper  No.  1026,  journal  series,  Pennsylvania 
Agricultural  Experiment  Station. 

iMoore,  L.  A.,  Huffman,  C.  F..  and  Duncan,  C.  W. : 
Blindness  in  cattle  associated  with  a  constriction 
of  the  optic  nerve  and  probably  of  nutritional  origin. 
J.  Nutri.,  ix   (1935),  p.  533. 

2Moore,  L.  A.:  Relationship  between  carotene, 
blindness  due  to  constriction  of  the  optic  nerve, 
papillary  edema  and  nyctalopia  in  calves.  J.  Nutri., 
xvii  (1939). 

••'Guilbert,  H.  R.,  and  Hart,  G.  H. :  Minimum 
vitamin  A  requirements  with  particular  reference 
to  cattle.     J.  Nutri.,  x  (1935),  p.  409. 

*Sutton,  T.  S.,  Krauss,  W.  E.,  and  Hansard.  S.  L. : 
The  effects  of  vitamin  A  deficiency  on  the  young 
male  bovine.  Abst..  J.  Dairy  Sci.,  xxiii  (June 
1940)  :  Sutton,  T.  S.,  and  Brief,  B.  J.:  Anatomical 
and  physiological  changes  in  the  pituitary  glands  of 
vitamin  A  deficient  rats.     Bui.  610,  Ohio  Agr.  Exp. 

^Moore,  L.  A.,  and  Sykes.  J.  F. :  Cerebrospinal 
fluid  pressure  and  vitamin  A  deficiency.  J.  Physiol., 
cxxx,  p.  684. 


cient  diets  in  the  bovine  species.  This  observa- 
tion was  found  to  correlate  with  the  papille- 
dema occurring  in  calves.  Langham,  ShoU  and 
Hallman"  described  a  degeneration  of  the  tubu- 
lar epithelium,  numerous  lesions  of  cellular 
infiltration  and  proliferation  and  fibrosis  in  the 
kidney  of  cattle  deficient  in  vitamin  A. 

From  the  above,  one  would  conclude  that 
certain  physiologic  tissue  changes  are  asso- 
ciated with  a  low  intake  of  vitamin  A. 

Materials  and  Methods 

During  the  past  2^  years,  25  calves  from 
the  dairy  experimental  herd  were  autopsied  in 
the  course  of  vitamin  A  studies. 

These  25  cases  were  studied  grossly  and 
microscopically  and  are  divided  into  three 
different  groups.  The  animals  of  each  group 
received  different  amounts  of  vitamin  A  in  the 
form  of  carotene.  Group  1  consisted  of  13  calves 
which  had  received  the  lowest  level  of  caro- 
tene, with,  an  average  daily  intake  of  6.7  micro- 
grams per  calf.  Group  2  consisted  of  eight 
calves  which  had  received  a  low  to  medium 
intake  of  carotene,  with  an  average  of  15.8 
micrograms  per  calf  daily.  Group  3  consisted 
of  four  calves  which  had  received  the  highest 
levels,  or  an  average  daily  intake  of  19.7  micro- 
grams. Detailed  data  concerning  the  bloo 
carotene,  etc.,  are  given  elsewhere.^ 

Gross  Pathology 

Enteritis  was  observed  in  eleven  of  the 
cases  in  group  1,  fivo  of  the  seven  in  group 


"Langham,  R.  F.,  Sholl,  L.  B.,  and  Hallman,  E.  T. : 
The  pathology  of  the  bovine  kidney  in  vitamin  A 
deficiency.  Abst.,  J.A.V.M.A.,  xcvii  (Nov.  1940), 
pp.  542-543. 

^Unpublished  data  from  the  Dept.  of  Dairy  Hus- 
bandry, Penn.'sylvania  State  College. 
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2  and  two  of  the  four  in  group  3.  The 
prevalence  and  severity  of  the  enteritis  ap- 
peared greatest  in  the  calves  on  the  lowest 
levels  of  vitamin  A.  Diarrhea,  which  was 
observed  periodically  during  the  course  of 
the  study,  became  more  severe  toward  the 
end  of  the  experiment.  As  a  rule,  the 
chyme  consisted  of  some  food  and  large 
quantities  of  mucus.  Upon  sectiqn,  the 
mucosa  was  found  to  be  swollen  and  thick- 
ened and  the  mesenteric  lymph  nodes  were 
swollen  and  edematous. 

The  gross  lesions  in  the  kidneys  varied  in 
individual  cases.  The  predominate  lesions 
were  numerous  white  foci  ranging  in  size 
from  pin  point  to  1  mm.  The  capsules 
stripped  easily  from  the  cortex  with  the  ex- 
ception of  two  atypical  cases  in  group  1. 
These  two  were  typical  of  "white-spotted 
kidney''  in  cattle.  Upon  section  some  of  the 
pin-point  foci  were  found  to  extend  into  the 
cortex  while  others  noted  were  deeper  in  the 
cortical  substance.  With  the  exception  of 
the  two  cases  mentioned  above,  lesions  were 
found  in  ten  of  the  cases  in  group  1,  one  of 
the  eight  in  group  2  and  one  of  the  four  in 
group  3. 

Grossly  the  liver  lesions  were  not  numer- 
ous and  they  varied  considerably.  A  mot- 
tling of  the  parenchyma  of  the  liver  sug- 
gesting necrosis  was  the  predominate 
change.  However,  one  case  in  group  2  had 
multiple  abscesses  of  long  duration,  while 
two  in  group  1  suggesting  fibrosis  of  the 
liver  were  the  exceptions.  In  three  cases, 
the  gall  bladder  contained  considerable 
dark,  thick  bile.  Eight  of  the  cases  in 
group  1  showed  liver  lesions,  two  in  group 
2  and  one  in  group  3. 


A  typical  bronchopneumonia  was  ob- 
served in  4  of  the  25  cases.  Two  of  them 
were  on  the  lowest  level  of  vitamin  A.  The 
others  were  on  the  next  to  the  lowest  level, 
or  group  2. 

HiSTOPATHOLOGY 

Sections  for  microscopic  study  were  fixed 
in  both  Zenker's  solution  and  formalin.  In 
a  few  cases  Bouin's  solution  was  used.  Sec- 
tions were  stained  with  Heidenhain's  ani- 
line blue,  Verhoeff's  elastic  tissue  stain, 
Sudan  IV  for  fat  and  eosin  hematoxylin. 

The  most  conspicuous  lesions  were  ob- 
served in  the  kidney,  liver,  intestine  and 
testicle. 

Degeneration  of  the  epithelium  of  the 
proximal  convoluted  tubules  existed  in  all 
of  the  groups,  but  it  was  most  extensive  in 
group  1.  The  degeneration  and  necrosis  in 
Henle's  loop  and  the  distal  convoluted 
tubules  were  not  as  conspicuous  as  in  the 
other  parts  of  the  tubules.  Two  cases  in 
group  1  showed  some  evidence  of  fatty 
degeneration  of  the  epithelium  in  the  prox- 
imal convoluted  tubule.  Hyaline-like  mate- 
rial in  the  tubular  epithelium  was  present 
in  a  number  of  cases.  This  was  especially 
noticeable  in  those  areas  where  consider- 
able atrophy  and  degeneration  of  the 
tubules  had  taken  place.  Those  areas  which 
contained  grayish-white  pin-point  foci  were 
characterized  by  accumulations  of  lym- 
phocytes and  macrophages  (figs.  1  and  2). 
In  other  areas  there  was  a  marked  pro- 
liferation of  fibroblasts  and  considerable 
fibrosis  (fig.  3).  In  some  of  these  areas  a 
complete  degeneration  of  the  tubules  had 
occurred.  In  the  more  conspicuous  lesions 
there  was  a  connective  tissue  thickening  of 


CAPTIONS  TO  ILLUSTRATIONS  ON  OPPOSITE  PAGE— FIGS.    1-8 


1 )  Section  through  the  cortex  of  the  kidney,  showing 
one  of  the  pin-point  lesions  noted  in  gross.  Note 
the  loss  of  the  tubules  and  accumulation  of  lym- 
phocytes and  macrophages  (x  85). 

2)  Section  of  the  cortex,  showing  atrophy  of  the 
tubules  and  a   marked  cellular  infiltration    (x  85). 

3)  Section  of  the  cortex,  showing  atrophy  of  the 
tubules  and  early  fibrosis  (x  85). 

4)  Section  at  the  periphery  of  the  renal  corpuscle, 
showing  early  fibrosis  of  Bowman's  capsule  (x455). 


5)  Section,  showing  marked  thickening  and  hyaliniza- 
tion  of  Bowman's  capsule  (x  450). 

6)  Section  of  the  cortex,  showing  recent  interstitial 
infiltration  of  lymphocytes  and  macrophages  with 
marked  hemorrhage  into  the  tubules  (x  465). 

7)  Section,  showing  an  infiltration  of  lymphocytes 
and  macrophages  about  the  tubules  with  early 
degeneration   of  the  tubular   epithelium    (x  450). 

8)  Section  of  small  intestine,  showing  necrosis  and 
inflammatory  changes  with  some  thickening  of  the 
mucosa    (x  85). 
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FIGS.  9-12 


9)   Section    of    liver,    showing    degeneration    of    the 

cells   (x  70). 
10)   Section  of  normal,  developing  testicle  (x  115). 

Bowman's  capsule  (figs.  4  and  5)  accom- 
panied by  some  atrophy  of  the  glomerular 
tufts.  Considerable  fibrosis  was  observed 
in  the  tissues  adjacent  to  the  atrophied  and 
thickened  renal  corpuscle.  With  but  two 
exceptions  the  cases  showing  the  most 
fibrosis  and  degenerative  changes  were  in 
group  1.  In  these  two  cases  there  was  a 
moderate  degeneration  of  the  tubular  epi- 
thelium and  early  cellular  infiltration  with 
very  little  proliferation  of  fibroblasts.  In 
three  cases  of  group  1,  considerable  hemor- 
rhage into  the  tubules  was  noted  (fig.  6). 
The  lesions  in  which  there  was  an  infiltrar 
tion  of  lymphocytes  and  macrophages 
about  the  tubules  were  usually  accom- 
panied by  an  early  degeneration  of  the 
tubular  epithelium    (fig.  7). 

The   intestinal   mucosa   of   most   of   the 
calves   showed   a   varying  degree   of  mor- 


1 1 )  Section    of   testicle,    showing    extensive    degenera- 
tion of  the  germinal  epithelium   (x   120). 

12)  Section  of  testicle,  showing  degenerated  germinal 
epithelial  cells  (x  475). 

bidity.    Most  of  the  lesions  consisted  of  a 
mild,   somewhat  hyperplastic  enteritis  be- 
ginning in  the  upper  small  intestine  and 
extending  to  the  ileocecal  valve.    Consider- 
able   necrosis    and    desquamation    of    the 
epithelium  were  present  in  some  cases  (fig. 
8).     Sections  removed  at  4-  to  6-ft.  inter- 
vals   beginning    just    below    the    pylorus 
seemed  to  indicate  an  increase  ia  the  sever- 
ity of  the  lesions  in  passing  toward  the  ileo- 
cecal valve.     Some  necrosis  of  the  epithel- 
ium and  infiltration  of  the  stroma  of  the 
glands  with  lymphocytes  and  macrophages 
were  noted,  accompanied  in  some  areas  by 
the   proliferation    of   fibroblasts.     A   large 
number  of  eosinophils  were  present  in  the 
mucosa.    With  the  exception  of  three  cases 
that  showed   an   acute  diarrhea  clinically, 
there  was  no  evidence  of  desquamation  and 
ulceration  of  the  mucosa. 
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Microscopically  the  most  consistent 
lesions  seen  in  the  liver  were  cloudy  swell- 
ing and  necrosis,  and  in  five  cases  of  group 
1  there  was  some  fatty  degeneration  (fig. 
9) .  In  the  cases  where  necrosis  of  the  liver 
cells  had  taken  place,  there  were  small  foci 
of  macrophages  and  lymphocytes. 

The  lesions  in  the  testicle  consisted  of  a 
degeneration  and  necrosis  of  the  germinal 
epithelium  lining  the  tubules  (figs.  10  and 
11).  No  marked  interstitial  changes  were 
observed.  There  were  sporadic  attempts 
at  spermatogenesis  in  these  areas.  Areas 
in  which  the  epithelium  was  not  entirely 
destroyed  showed  many  pyknotic  and  de- 
generate nuclei  (fig.  12). 

Metaplasia  of  the  epithelium  was  noted 
to  some  extent  in  the  calices  of  the  kidney, 
and  in  two  cases  this  was  observed  to  a 
moderate  degree  in  the  trachea.  These 
changes  were  not  as  conspicuous  in  the 
calves  on  the  lower  levels  as  one  would 
expect. 

Discussion 

Although  some  variations  occurred  in  the 
microscopic  pathology  of  the  tissues  stud- 
ied, certain  degenerative  and  inflammatory 
lesions  occurred  consistently.  With  the  ex- 
ception of  the  lesions  observed  in  the  liver 
tissue,  changes  were  more  extensive  in 
those  cases  on  the  lowest  levels  of  carotene. 
The  duration,  severity  and  extent  of  the 
lesions  and  symptoms  in  the  intestinal  tract 
were  manifested  in  the  liver  and  kidney. 
This  was  especially  true  as  regards  the  kid- 
ney lesions.  Although  the  enteritis  in  most 
cases  was  a  mild,  somewhat  hyperplastic 
lesion,  a  correlation  appeared  to  exist  be- 
tween the  extent  of  the  intestinal  pathology 
and  the  pathology  of  the  other  tissues.  The 
liver  lesions  were  the  most  variable.  In 
three  of  the  cases  on  the  lowest  levels  of 
vitamin  A,  there  were  no  marked  liver 
lesions  although  considerable  diarrhea,  en- 


teritis    and    conspicuous    kidney     lesions 
existed. 

The  degenerative  changes  in  the  testicle 
did  not  exist  in  the  cases  on  the  higher 
levels  of  vitamin  A.  A  number  of  the  cases 
were  autopsied  too  young  to  determine  the 
effect  on  the  number  of  spermatozoa,  but 
degenerative  changes  were  observed  in  the 
germinal  epithelium  which  probably  would 
have  affected  spermatogenesis  in  9  of  the 
13  cases  in  group  1. 

In  considering  all  the  lesions  found 
on  the  three  levels  of  carotene,  it  is  obvious 
that  the  more  marked  lesions  occurred  in 
the  lowest  level  of  vitamin  A.  This  differ- 
ence in  the  various  groups  was  noted  espe- 
cially in  the  pathology  of  the  kidney. 

Summary 

1)  Twenty-five  calves  fed  three  different 
suboptimal  levels  of  carotene  were  studied 
grossly  and  microscopically  for  pathologic 
changes. 

2)  Degenerative  and  inflammatory 
changes  were  observed  in  the  kidneys  of 
calves  on  the  lower  levels  of  vitamin  A. 

3)  An  enteritis  with  some  thickening  of 
the  mucosa  accompanied  by  a  persistent 
diarrhea  was  observed. 

4)  Degeneration  and  necrosis  were  pres- 
ent to  a  variable  extent  in  the  liver. 

5)  Degenerative  changes  also  were  ob- 
served in  the  testicle.  These  probably  in- 
hibited normal  spermatogenesis. 

6)  Metaplasia  of  the  epithelial  tissues 
was  not  consistently  observed. 

7)  A  correlation  appeared  to  exist  be- 
tween the  lesions  in  the  intestines  and  in 
the  kidneys,  both  in  extent  and  severity. 
In  a  limited  number  of  cases  the  liver  could 
be  included  in  this  relationship. 

8)  In  general,  the  lesions  observed  were 
more  conspicuous  in  the  calves  which  had 
received  the  lowest  levels  of  vitamin  A. 
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Sulfapyridine  in  the  Treatment  of  Calf  Pneumonia 

W.  T.  S.  THORP.  D.V.M.,  M.S.;  J.  F.  SHISLEY.  B.Pd..  D.V.M.;  and  A.  K.  ANDERSON,  Ph.D. 

State  College,  Pa, 


The  morbidity  and  mortality  of  calf 
pneumonia  is  highest  in  calves  ranging  in 
age  from  2  to  10  weeks.  In  a  large  percen- 
tage of  cases  it  is  a  sequel  to  calf  scours. 
Calf  pneumonia  usually  comes  on  suddenly, 
first  manifesting  itself  by  a  dry  cough,  ex- 
treme lacrimation,  a  rise  in  temperature 
(104.8  to  105.5  F.),  and  usually  a  high  blood 
leukocyte  count.  Manifestations  of  a  bron- 
chopneumonia soon  follow  the  above  symp- 
toms. Carpenter  and  Oilman^  described 
the  lesions  briefly  and  suggested  strepto- 
cocci, staphylococci  and  coliform  organisms 
as  possible  causative  agents.  The  tissue 
changes  have  been  described  by  Thorp  and 
Hallman-  which  are  briefly  a  subacute  or 
chronic  bronchitis  associated  with  consoli- 
dation of  the  lungs  which  begins  in  the 
anterior  lobes  and  progresses  posteriorly 
involving  a  variable  portion  of  the  dia- 
phragmatic lobes. 

Calf  pneumonia  is  a  serious  problem  in 
many  large  dairy  herds  in  widely  separated 
portions  of  the  country.  Sanders^  describes 
the  condition  in  Florida  and  attributes  it 
to  a  weakened  condition  of  the  calf  due  to 
parasites  and  an  adverse  environment, 
which  is  followed  by  an  infection  with 
Pa^teurella  bovisepticus.  Recent  work  at 
this  station  suggests  either  a  pasteurella 
organism  or  some  form  of  the  hemophilus 
group  of  organisms'*. 

The  cases  considered  here  are  from  one 
large  dairy  herd  in  which  15  per  cent  to 


•Authorized  for  publication  on  September  9,  1941 
as  paper  No.  1048  in  the  Journal  Series  of  the  Penn- 
sylvania Agricultural  Experiment  Station. 

iCarpenter,  C.  M.  and  Gilman,  H.  L.,  Studies  in 
Pneumonia   in   Calves.     Cornell  Vet.  xi  (1921),  p. 

sThorp,  W.  T.  S.  and  Hallman,  E.  T.,  Pathology 
of  Calf  Pneumonia.  J.A.V.M.A.,  xciv,  Part  II 
(April  1939)   p.  365. 

^Sanders,  D.  A.,  Enzootic  Bronchopneumonia  of 
Dairy  Calves.  Tecli.  Bulletin  346,  Florida  Agr.  Exp. 
Sta.,  June  1940. 

^•'Studies  on  the  Etiology  and  Pathology  of  Calf 
Pneumonia."  Unpublished  data  presented  at  the 
Research  Section,  78th  annual  A.V.M.A.  convention, 
Aug.  13,  1941. 


20  per  cent  losses  from  calf  pneumonia  had 
occurred  during  the  winter  and  spring 
months.  Twenty-five  per  cent  of  the  cases 
of  pneumonia  followed  calf  scours. 

The  use  of  sulfapyridine  in  calves  has 
been  reported  by  Ehlers^  in  calf  septicemia. 
It  has  been  used  successfully  by  Farqu- 
harson^  in  the  treatment  of  calf  diphtheria. 
A  study  of  the  administration  of  sulfapy- 
ridine to  the  mature  bovine  has  been  re- 
ported by  Klein,  Kleckner  and  Biltz"^. 

With  the  above  reports  in  mind  and  other 
uses  to  which  sulfapyridine  has  been  put 
an  attempt  was  made  to  use  it  in  the  treat- 
ment of  calf  pneumonia  during  the  past 
winter  and  spring. 

Sulfapyridine  Therapy 

All  calves  in  this  herd  which  showed 
typical  symptoms  of  pneumonia  were  hos- 
pitalized and  sulfapyridine  treatment 
started.  Table  I  gives  a  summary  of  the 
16  calves  treated.  The  dosage  was  deter- 
mined on  the  basis  of  weight  and  varied 
somewhat  in  individual  cases.  However, 
the  initial  dose  ranged  from  0.05  to  0.1  Gm. 
per  lb.  of  body  weight.  In  some  animals 
the  total  daily  dose  was  divided  into  two 
doses  administered  morning  and  night 
while  in  others  the  total  dose  was  divided 
and  given  three  times  per  day  about  six 
hours  apart. 

In  calves  11  and  16,  the  initial  dose  for 
the  first  two  days  was  high  and  then  re- 
duced for  the  remaining  three  days  of 
treatment.  The  response  in  these  calves 
was  the  best  of  any  treated.  In  calf  13, 
there  was  no  response  to  the  sulfapyridine 


^Ehlers,  D.  C,  Sulfapyridine  in  Calf  Septicemia. 
Veterinary  Medicine,  xxxv   (June  1940),  p.  329. 

„Farquharson,  James,  Sulfapyridine  in  the  Treat- 
ment of  Calf  Diphtheria.  J. A.V.M.A.,  xcvii  (1940), 
p.  431.    ' 

'Klein,  1j.  A.,  Kleckner,  A.  L.,  and  Biltz,  R.  O. 
Sulfapyridine  in  Cattle :  a  Contribution  to  Its  Phar- 
macology. Pre.sented  at  77th  Annual  Meeting,  Ab- 
stract J.A.V.M.A.,  xcvii   (Nov.   1940),  p.   544. 
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TABLE 

1— Summary  of  Sixteen  Cases  of  Calf  Pneumonia 

Treated  w 

ith  Su 

Ifapyrldine 

Calf 
No. 

Age  in 
Weeks 

4 

Weight 
Lbs. 

Initial 
Temp. 

Temp, 

in 

24  Hrs. 

°F. 

Initial 

Leukocyte 

Count 

Leukocyte 
Count 
After 
Treat- 
ment 

Total 

Daily  Dosage,  Gms. 

No.  OF 

Doses* 
Per  Day 

Days 

Results 

1st 

2nd 

3rd 

4  th 

5th 

6  th 

1 

75 

104.2 

101.8 

5. 

5. 

5. 

2. 

1. 

2** 

Recovery 

2 

3 

80 

103  8 

101.5 

5. 

5. 

5. 

2 

Recovery 

3 

1 

60 

103.2 

101 

5. 

5. 

5. 

2. 

2. 

2 

Slow 
Recovery 

4 

4 

80 

103.8 

102.2 

5. 

5. 

5. 

2 

Fair 
Recovery 

5 

2 

70 

104 

102 

5. 

5. 

5 

2 

Fair 
Recovery 

6 

4 

70 

103.8 

101 

5. 

5. 

5. 

2 

Slow 
Recovery 

7 

5 

75 

105 

102 

12,500 

7,800 

5. 

5. 

5. 

2. 

1. 
2. 

3 

Good 
Recovery 

8 

3 

70 

104.2 

103 

11,500 

7,600 

5. 

5. 

5. 

2. 

3 

Good 
Recovery 

9 

2 

80 

104  1 

102  8 

15,800 

8,000 

5. 

3. 

2. 

2. 

2 

Recovery 

10 

4 

82 

104.5 

103.2 

16,000 

8,200 

5. 

5. 
5. 

5. 

2. 

2. 

2. 

2 

Recovery 

11 

1 

85 

102.8 

101 

14,200 

7,900 

7.5 

5. 

2. 

1. 

1st  da.  3 
other  2 

Good 
Recovery 

12 

2 

90 

104  2 

102 

15,200 

9,000 

7.5 

7  5 
7.5 

5. 

2. 

1. 

Ist  da.  3 
2nd  da.  3 
3rd  da.  2 

Good 
Recovery 

13 

3 

90 

104 

102.5 

17,000 

17,500 

7.5 

5. 

2. 

1. 

Same  as 
No.  12 

Died 

14 

2 

95 

103.8 

101.8 

15,000 

8,500 

7.5 

5. 

5. 

I. 

Same  as 
No   12 

Good 
Recovery 

15 

3 

90 

104.5 

103 

14,500 

2,600 

5. 

5. 

2. 

1. 

2 

Died 

16 

3 

80 

104.5 

102 

18,800 

10,000 

7.5 

7  5 

5. 

5. 

1. 

1. 

3 

Good 
Recovery 

•All  doses  given  orally  as  a  drench 
♦♦Division  of  total  daily  dosage 

whatever  with  practically  the  same  treat- 
ment as  calves  11,  12  and  16.  At  the  autopsy 
of  calf  13,  a  subacute  pneumonia  was 
observed  in  the  anterior  lobes  of  both  lungs 
with  about  one-half  of  the  diaphragmatic 
lobes  showing  an  acute  pneumonia.  There 
was,  in  addition  to  the  pneumonia,  an  ex- 
tensive nephritis  associated  with  numerous 
congenital  cysts  in  the  kidneys.  The  ne- 
phritis and  the  congenital  cysts  probably 
accounted  in  part  for  the  lack  of  response 
to  the  treatment.  This  calf  had  received 
a  three-day  treatment  of  sulfapyridine  five 
days  previous  to  the  treatment  reported 
here.  Severe  scours  preceded  the  pneu- 
monia treated  in  this  case.  In  the  case  of 
calf  15,  the  pneumonia  followed  a  severe 
attack  of  scours  and  upon  autopsy  the  typi- 
cal lesions  of  an  acute  bronchopneumonia 
were    observed.     A    severe    nephritis    was 


noted  with  a  small  number  of  urinary  cal- 
culi in  the  pelvis  of  the  kidney.  Upon 
microscopic  study  of  the  tissues,  subacute 
to  chronic  inflammatory  changes  were  ob- 
served in  the  interstitial  tissues  of  the  kid- 
ney. Moderate  degeneration  of  the  tubular 
structures  was  observed  which  probably 
was  the  result  of  the  severe  scours  preced- 
ing the  pneumonia.  The  lowering  of  the 
erythrocyte  count  to  3,200,000  and  the  neu- 
tropenia observed  during  the  last  two  days 
of  treatment  were  characteristic  of  the 
toxic  symptoms  described  in  other  subjects. 

Experimental  Calves 

Of  the  eight  calves  given  sulfapyridine, 
two  were  acute  cases  of  pneumonia  and  six 
were  normal  calves  treated  in  an  effort  to 
study  the  relation  of  dosage  to  the  blood 
level   of   sulfapyridine   for   different  ages 
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and  weights.  All  the  total  daily  dosages 
were  divided  into  three  equal  doses  and 
given  approximately  every  six  hours.  The 
free  sulfapyridine  in  the  blood  was  deter- 
mined by  the  method  described  by  Brat- 
ton  and  Marshall.^ 

A  summary  of  the  data  for  this  group 
of  calves  is  given  in  table  IL  Calves  2  and 
3  which  were  diagnosed  as  acute  calf  pneu- 
monia responded  very  well  to  the  treatment 
which  produced  an  average  blood  level  of 
4.12  mgs.  per  cent  for  calf  2  during  the 
first  four  days  and  5.75  mgs.  per  cent  for 
calf  3  over  the  same  period.  The  initial 
dose  in  the  latter  was  the  highest.  Calves 
1,  4  and  5  are  probably  the  most  ideal  blood 
levels  to  maintain. 

In  these  three  calves,  a  large  initial  dose 
was  given  for  the  first  two  days  and  then 
gradually  reduced.  Calves  6,  7  and  8  were 
given  large  doses  to  determine  the  upper 
limits  of  the  blood  level  for  sulfapyridine. 
In  all  of  these  calves,  toxic  symptoms  were 
observed  after  two  days  of  treatment.  It 
will  be  noted  from  table  II  that  in  all  of 
these  cases  the  average  blood  level  of  sulf- 
apyridine is  10  mgs.  per  cent  or  above. 
Toxic  symptoms  were  not  pronounced   in 


sBratton,  A.  C,  and  Marshall,    E.    K.: 
Chem.,   cxxviii    (1939),  p.  537. 
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calves  6  and  7,  but  microscopic  examination 
of  the  blood  revealed  some  anemia  and  a 
rise  in  the  blood  leukocyte  count.  The  most 
pronounced  symptoms  were  observed  in  calf 
8,  which  upon  autopsy  showed  numerous 
calculi  in  the  pelvis  of  the  kidney  and  many 
yellowish  white  streaks  in  the  pyramids. 
Microscopically,  sections  of  the  kidney 
showed  some  hemorrhage  into  the  tubules 
and  a  few  tubules  contained  a  small  number 
of  casts. 

DISCUSSION 

The  response  to  treatment  with  sulf- 
apyridine differed  in  individual  calves; 
however,  certain  consistent  changes  were 
observed.  Calves  receiving  a  large  initial 
dose  followed  by  a  subsequent  reduction  of 
the  dosage  made  the  most  rapid  recovery. 
Calves  13  and  15  of  table  I  would  indicate 
that  in  cases  where  other  pathology  was 
present,  sulfapyridine  would  be  contraindi- 
cated. 

On  the  basis  of  the  two  groups  of  calves 
it  is  obvious  that  age  difference  along 
with  body  weight  is  an  important  factor  in 
regard  to  the  calf's  tolerance  to  the  ad- 
ministration of  sulfapyridine.  In  the 
younger  calf  large  dosages  should  not  be 
continued  for  any  length  of  time.    Deter- 
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minations  of  sulfapyridine  in  the  blood  of 
the  experimental  calves  indicate  that  the 
blood  level  of  sulfapyridine  should  not  ex- 
ceed 10  mgs.  per  cent.  The  most  desired 
level  appears  to  fall  between  5  and  8  mgs. 
per  cent.  In  the  younger  and  smaller  calves, 
5  and  6  mgs.  per  cent  is  probably  suf- 
ficient while  in  larger  and  older  calves  a 
slightly  higher  level  would  probably  give 
better  results.  The  level  of  sulfapyridine 
in  the  blood  of  calves  is  not  proportional 
to  the  dosage  per  pound  of  body  weight. 
On  the  basis  of  the  two  groups  of  calves 
administered  sulfapyridine  in  the  course  of 
this  work  the  following  daily  dosages  can 
be  recommended.  In  calves  up  to  70  lb., 
0.05  Gm.  per  lb.  of  body  weight,  calves  70 
to  100  lbs.  0.06  Gm.  per  lb.  of  body  weight, 
and  over  100  lbs.,  0.07  Gm.  per  lb.  of  body 
weight.  These  dosages  are  higher  than  that 
recommended  by  Farquharson  for  the  treat- 
ment of  calf  diphtheria;  however,  no  intra- 
venous dose  was  given  as  the  initial  dosage. 
Higher  dosages  were  given  without  severe 
symptoms  of  toxicity  appearing.  On  the 
basis  of  the  cases  treated,  a  reduction  of 
0.02  Gm.  per  lb.  of  body  weight  every  two 
days  is  deemed  advisable  since  *  there  is 
some  evidence  that  the  drug  may  be  accu- 
mulative. The  dosage  should  be  given  three 
times  daily  and  in  proportion  to  age  and 
weight. 

Summary 

1.  Twenty-four  calves  were  given  sulf- 
apyridine, 18  of  which  had  symptoms  of 
acute  bronchopneumonia. 


2.  Blood  determinations  were  made  on 
eight  of  the  calves  given  sulfapyridine. 
These  results  indicate  that  the  blood  level 
should  not  exceed  10  mgs.  per  cent. 

3.  A  significant  rise  in  the  leukocyte 
count,  followed  by  a  neutropenia  and  lower- 
ing of  the  erythrocyte  count,  were  observed 
in  the  cases  where  toxic  symptoms 
occurred. 

4.  Younger  calves  were  more  subject  to 
symptoms  of  toxicity.  The  following  initial 
dosages  are  suggested :  Calves  up  to  70  lb., 
0.05  of  Gm.  per  lb.  of  body  weight;  calves 
70  to  100  lb.,  0.06  of  Gm. ;  and  calves  over 
100  lbs.,  0.07  Gm.  per  lb.  of  body  weight. 

5.  It  is  realized  by  the  authors  that  blood 
determinations  were  only  made  on  eight  of 
the  calves  and  that  the  total  number  treated 
is  small.  Caution  should  be  observed  in  the 
use  of  the  drug,  but  it  shows  promise  of 
being  a  fairly  reliable  treatment  for  calf 
pneumonia. 
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BACTERIAL  LEAFSPOTS  OF  PENNSYLVANIA  TOBACCO* 

I.  Occurrence  and  nature  of  the  microorganism 

associated  with  wildfire 

J.  J.  Reid,  J.  Naghski,  M.  a.  Farrell,  and  D.  E.  Haley! 

THE  CONSTANT  THREAT  of  serious  loss  from  leafspot  dis- 
eases has  confronted  Pennsylvania  tobacco  growers  for  a 
number  of  years,  and  continues  to  be  regarded  today  as  the  major 
hazard  of  the  industry. 

Following  serious  outbreaks  in  1917  it  was  found  (23  and  24) 
that  the  more  important  of  these  diseases,  "wildfire",  was  as- 
sociated with  the  activities  of  Bacterium  tabacum.  A  second  leaf- 
spot  disease  of  tobacco  was  reported  (7  and  8)  which  was  named 
"angular  leafspot"  or  "blackfire",  in  the  same  year.  The  organism 
associated  with  this  disease  was  called  Bacterium  angulatum.  The 
influence  of  climate,  plant  nutrition,  and  agronomic  practices  on 
the  severity  of  these  leafspot  diseases  was  noted  by  these  early  m- 
vestigators.  Both  groups  of  workers  (8  and  23),  however,  con- 
cluded that  these  diseases  had  their  origin  in  the  seedbed  and  were 
carried  to  the  field  on  the  transplants. 

For  this  reason  all  attempts  at  controlling  the  leafspot  diseases 
of  tobacco  in  the  past  two  decades  have  been  primarily  attempts 
to  eliminate  from  the  seedbed  the  bacteria  associated  with  the 
disease  The  practices  recommended  have  been  termed  "measures 
of  sanitation"  and  have  included  removal  of  the  seedbed  from  the 
vicinity  of  buildings,  the  steaming  of  soil,  the  disinfection  of  seed 
and  implements,  and  the  use  of  fungicides  such  as  bordeaux  mix- 
ture on  both  soil  and  plant.  In  certain  districts  producing  a  low 
nitrogen  leaf  tobacco,  recommendations  (5, 18  and  19)  with  respect 
to  the  nutrition  of  the  plant  have  contributed  to  the  control  of 

disease. 

The  ^-af  spot  problem  in  the  Lancaster  area  today  continues  to  be 
serious."  Sanitation  apparently  has  failed  to  fully  control  the 
trouble  and  the  nutritional  recommendations  applicable  in  cer- 
tain other  districts  are  thought  to  be  of  little  or  no  value  in  the 
production  of  cigar  leaf  and  other  high  nitrogen  tobaccos.  This 
bulletin  deals  with  the  nature  and  identity  of  the  microorganisms 
associated  with  leafspot  diseases  of  tobacco,  the  influence  of  soil 
steaming  on  these  microorganisms,  and  the  normal  bacterial  flora 
of  tobacco  and  other  plants. 

•Authorized  for  publication  February  IJ'  ^942  ,  ^     ^  Bacteriology,  Professor 
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BACTERIOLOGICAL   METHODS 
1.  Analysis  of  soil  samples-Bacteriological  examination  of  soil 
samples  was  made  in  the  following  manner:  Soils  were  plated  on 
=2m  clseinate  (nutrose)  agar  to  determine  total  bacterial  num- 
bers  FuTgfwere  determined  by  means  of  plate  counts  on  glucose- 
neSone  afar  adjusted  to  pH  4.5.  The  numbers  of  green  fluorescen 
baSSa  were  determined  by  the  inoculation  oifVf^S^-^^^^^l 
salts  broSi  to  which  crystal  violet  had  been  added  to  inhibit  the 

salts  oy oy^,^"  ^  fnrmers    The  broth  was  inoculated  with  soil  dilu- 
growth  of  spore  formers.  The  bro  ^^^  ^^^  ^.^^^^^  ^.^^_ 

irinwhkh  growth  of  green  fluorescent  organisms  occurred  was     . 
rdTn^SctSTthe  minimum  number  of  s-h  orga  i  -^^^^^^^^^^^ 
ent  in  the  sample.  All  incubations  were  carried  out  at  28    Centi 

The  agglutination  test  was  employed  in  the  examination  of 
grien  flufrescentbacteria  for  the  presence  of  wildfire  and  angular 

'andfy  tlnrofthe  st^ndarS  agglutination  technique  these  sub- 
cultures were  checked  for  evidence  of  agglutination  ^n  the  pres- 
ence  of  specific  immune  sera.  Immune  sera  --f  P/;P^[i^J  ^'^^ 
immunization  of  rabbits  with  known  strains  or^hew^^dfi^ 

angular  leaf  spot  orgf-^^^^^t  o?  lesfthan  1  to'sOO  were  not 
investigators,   ^gf  tmat.on  titres  o^^^^^^^^^^  .^^^^.^^^  ^^ 

rat'onh:?g^tintt\on^^^^^^^^^  were  tested  on  a  susceptible 
host  as  a  furthS  check  on  the  identity  of  the  organism. 

2.  Analyses  of  plant  -aterial.-Plant  matenal  wa^  Plated^^ 

nutrient  agar  plates  for  total  ""^^^^  ^^^^^^^^^^  sub- 

plates  green  fluorescent  colonies  were  Pi^^ed  and        ^^^^^.^^  ^^ 

^enl^l^oSanL^^^^^^^^^ 

analyses.  bacterial    cultures    employed 

*hTI,  with  frequent  transfer  and  stored  at  4  CenUgrad. 
4.  Morphological  and  P^Vslolof'^'/^^/^f^^.ti'^^^^^ 
ous  "-o'P^°'°S'->- 'trman'ner  w  r^o'  Ldifieations  which 
rredtTh  "tL^   ofr  of  the  abhors  (21,. 
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5.  Single-cell  isolations.— Most  of  the  cultures  used  as  antigens 
in  this  study  were  the  progeny  of  single  cells  obtained  by  the  use 
of  the  Chambers  micromanipulator.  The  Chambers  technique  as 
modified  by  Wright  and  McCoy  (25)  and  Wright  and  Nakajima 
(26)  with  a  few  minor  changes  was  used  in  this  study.  Cultures  m 
the  logarithmic  growth  phase  (4  to  8  hours  old)  were  taken  up 
with  a  sterile  micropipette  and  a  series  of  droplets  made  on  the 
underside  of  a  sterile  coverslip  suspended  above  a  moist  chamber 
The  droplets  were  immediately  examined  microscopically  and  all 
droplets  containing  one  cell  were  carefully  charted.  Incubation 
was  carried  out  on  the  coverslip  above  the  moist  chamber  and 
transfers  were  made  to  larger  quantities  of  substrate  after  repro- 
duction of  the  cells  had  occurred. 

6.  Serological  techniques. — 

A.  Preparation  of  antisera: 
Antigens  for  animal  immunization  were  prepared  by  growing 
cultures  in  flasks  with  large  agar  surfaces.  The  flasks  were  inocu- 
lated with  one-half  ml  of  18-hour  broth  cultures  and  incubated  at 
room  temperature  for  a  period  of  18  to  24  hours.  The  growth  was 
checked  for  purity  and  then  was  washed  off  the  agar  with  saline 
solution  (0.85  per  cent  NaCl)  containing  0.3  per  cent  tricresol 
(C  P  )  The  cells  were  removed  from  saline  solution  by  centrituga- 
tion  were  resuspended  in  saline  solution,  and  again  removed  by 
centrifugation.  Following  this  washing  technique  the  cells  were 
suspended  in  sufficient  saline  solution  to  obtain  a  density  com- 
parable to  a  No.  4  McFarland  nephelometer  standard,  and  permit- 
ted to  remain  for  a  period  of  48  hours  at  4°  C. 

Rabbits  selected  for  immunization  weighed  not  less  than  2 
kilograms  each  and  were  rejected  in  those  cases  in  which  the  nor- 
mal serum  showed  agglutinins  at  a  dilution  of  1  to  20  The  animals 
received  the  antigens  by  intravenous  injection.  The  initial  dose 
was  0  25  ml  The  dosage  was  increased  daily  by  0.25  ml  until  the 
maximum  dose  of  2  ml  was  reached.  The  maximum  dose  was  given 
daily  until  the  tenth  day.  Following  this  series  of  ten  injections  ot 
killed  antigen,  a  series  of  injections  of  living  antigen  was  ad- 
ministered. The  initial  dose  of  the  living  an  igen  was  0^25  ml  This 
was  increased  by  0.25  ml  daily  until  a  total  of  6  ml  of  the  l^i^S 
antigen  had  been  administered.  Following  a  4-day  rest  period  a 
trial  bleeding  was  made.  If  a  satisfactory  titre  had  been  reached 
30  to  40  ml  of  blood  were  removed  aseptically  from  the  heart  and 
allowed  to  clot;  the  serum  was  removed  and  stored  under  sterile 
conditons  at  4°C. 
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B.  Agglutination  technique: 
Sera  dilutions  from  1-20  to  1-10,240  were  made  in  1  ml  portions 
of  0.85  per  cent  saline  solution  containing  0.3  per  cent  tricresol. 
One  ml  of  the  antigen  suspension  was  added  to  each  tube,  givmg 
final  sera  dilutions  of  from  1-40  to  1-20,480.  The  antigens  were  pre- 
pared from  18  to  24-hour  cultures  grown  on  nutrient  agar  which 
was  removed  and  washed  as  described  under  the  preparation  of 
antisera  and  adjusted  to  a  density  comparable  to  a  1.5  to  2  Mc- 
Farland  nephelometer  standard.  Sensitization  was  carried  out  at 
37  °C.  for  a  period  of  24  hours  followed  by  12  hours  at  4°C.  and  the 
degree  of  macroscopic  agglutination  recorded. 

C.  Agglutinin  absorption: 
The  technique  as  outlined  by  Krumwiede,  Cooper,  and  Provost 
(16)  was  followed.  Large  quantities  of  cells  were  grown  at  room 
temperature  on  nutrient  agar  for  25  hours,  washed  off  with  saline 
solution,  filtered  through  cotton,  and  the  cells  recovered  by  centri- 
fugation  The  cells  were  again  washed  with  saline  solution  and 
recovered  by  centrifugation.  To  a  measured  volume  of  the  washed 
cells,  serum  and  diluent  were  added  according  to  the  following 

(MASS  OF  CELLS  —  10  PER  CENT)    X  DOSE  FACTOR  =  TOTAL  VOLUME 


=  SERUM  REQUIRED 


(MASS  —  10  PER  CENT)   X   (POSE  FACTOR  —  1) 

SERUM  DILUTION  FACTOR 
TOTAL  VOLUME-  (MASS  OF  CELLS  +  SERUM)  =  VOLUME  OF  DILUENT 

Trial  absorption  titrations  were  performed  on  each  serum  to  deter- 
mine optimal  dose,  serum  dilution,  and  number  of  absorptions.  A 
practice  of  using  two  absorbing  doses  was  adopted  as  it  resulted  in 
a  saving  of  cells  and  yielded  more  complete  and  uniform  absorp- 
tion   To  avoid  difficulty  with  differences  in  absorptive  abihties  of 
herterologous  cultures,  the  absorbing  dose  was  twice  that  neces- 
sarv  to  completely  absorb  the  homologous  antiserum    As  the  ab- 
sorptve  capacity  of  cells  in  the  "S"  phase  was  found  in  this  study 
?o  be  less  than  that  of  cells  in  the  "M"  phase,  three  absorptions 
were  made  when  absorbing  with  "S"  cells. 
The  serum-bacteria  suspensions  were  "^^"^^^ed  at  37  C  for 

3  hours  with  shaking  every  30  minutes  a';^^  ^^'l^  .^^f "  j^Fo^i  and 
r^ioht  at  4°C  The  cells  were  then  removed  by  centrifugation,  ana 
SC  upSn^ant  serun,  another  calculated  volun,e  of  washed 
^lls  was  added  and  the  absorption  again  carried  out.  The  cells 


3i? 


volume  of  washed  cells  was  added  and  absorption  carried  out  for 
the  third  time  before  making  the  agglutination  test.  As  a  control, 
identical  serum  dilutions  to  which  no  absorbing  cells  were  added 
were  carried  under  the  same  conditions  and  finally  tested  by  the 
standard  agglutination  technique. 

7.  Production  of  Dawson  "S"  forms.— The  cultures  in  the  "M" 
phase  were  grown  in  nutrient  broth  containing  10  per  cent  of  the 
homologous  "M"  antiserum.  Transfers  were  made  daily  and  for 
the  purpose  of  colony  examination  nutrient  agar  streak  plates 
were  also  made  daily  from  the  broth  containing  the  antiserum.  In 
most  cases  examination  of  the  streak  plates  showed  that  S  forms 
appeared  in  abundance  following  the  third  or  fourth  serial  trans- 
fer in  immune  serum  broth.  In  the  case  of  some  cultures,  however 
prolonged  serial  transfer  in  the  immune  serum  broth  proved 
necessary. 

Isolations  were  made  from  typical  "S"  colonies  and  antigens 
prepared  for  test  against  the  homologous  "M"  phase  antiserum. 
Failure  to  show  agglutination  at  a  titre  of  1-320  was  used  as  an 
arbitrary  criterion  of  the  removal  of  the  capsule,  at  which  time  the 
culture  was  considered  as  representative  of  the  "S"  phase.  Prepara- 
tion of  antisera  in  the  case  of  the  "S"  phase  antigens  was  carried 
out  in  the  manner  described  in  the  case  of  "M"  phase  antigens. 

EXPERIMENTAL  RESULTS  SHOWING  NATURE  OF  ORGANISM 
Morphological  and  physiological  characteristics  of  green  Ouor- 
escent  isolates.— In  the  course  of  these  studies  of  the  microflora  of 
soils  and  plants,  isolations  of  more  than  4000  strains  of  gram- 
negative  fluorescent  bacteria  have  been  made  in  the  bacteriological 
laboratories  of  The  Pennsylvania  State  College.   In  addition  ap- 
proximately 100  cultures  of  Pseudomonas  and  Phytomonas  were 
obtained  from  other  laboratories  and  used  for  purposes  of  compari- 
son.   From  this  large  number,  640  representative  cultures  were 
selected  for  study  in  this  investigation.   The  morphological  and 
biochemical  characteristics  of  this  group  of  bacteria  were  deter- 
mined by  employing  the  following  tests:   Staining  for  flagella. 
Gram  reaction,  hemolytic  power,  nitrate  reduction,  gelatin  lique- 
faction, action  in  litmus  milk,  fermentation  of  glucose,  of  sucrose 
and  of  lactose,   indol  formation,  hydrogen   sulfide   production 
growth  on  potato,  growth  at  different  temperatures,  and  pigment 

formation.  , .   . ,    ,   •   x     *    „ 

These  640  green  fluorescent  bacteria  were  divided  into  two 

groups  on  the  basis  of  the  characteristics  shown  m  table  1. 
Table  1  shows  that  a  small  number  of  the  640  cultures  were 

monotrichous,  possessing  only  one  polar  flagellum,  while  613  cul- 


Pennsylvania  Agricultural  Experiment  Station 


Bulletin  422— Bacterial  Leafspots  of  Tobacco 


Table  1. — Classification  of  640  fluorescenl  bacleria  studied. 


MONO- 
TRICHOUS 


LOPHO- 
TRICHOUS 


Number  of  cultures  27 

Per  cent  showing  hemolytic  activity  100.0 

Per  cent  producing  pyocyanin  63.0 

Per  cent  showing  reduction  of  nitrates  100 

Per  cent  exhibiting  growth  at  37  °C.  100 

Per  cent  showing  gelation  liquefaction  100 


613 
0.0 
0.0 

100.0 

1.6 

98.4 


tures  showed  2  to  5  polar  flagella  or  were  lophotrichous.  The  type 
of  flagellation  was  found  to  be  unchanged  by  cultivation  on  the 
various  media  used  in  this  study,  and,  although  it  was  possible  to 
effect  the  temporary  removal  of  flagella  by  growing  in  broth  con- 
taining phenol  in  appropriate  concentrations,  transfers  from  such 
broth  resulted  in  a  return  to  the  original  type  of  flagellation.  All 
monotrichous  strains  were  found  to  be  actively  hemolytic  while 
none  of  the  613  lophotrichous  forms  were  capable  of  lysing  bovine 
or  sheep  red  blood  cells.  Pyocyanin  formation  was  shown  only 
with  certain  of  the  27  montrichous  forms  and  only  a  small  per- 
centage of  the  lophotrichous  types  which  did  not  liquefy  gelatin 
were  able  to  grow  at  37 °C.  Nitrate  reduction  contrary  to  the  find- 
ings of  some  workers  (9  and  24)  was  found  to  occur  with  all  of  the 
640  cultures. 

On  the  basis  of  these  as  well  as  additional  morphological  and 
cultural  characteristics,  it  was  evident  that  the  27  monotrichous 
cultures  conform  to  the  description  of  Bacterhim  pyocyaneum 
Lehmann  and  Neumann  (17).  This  group  of  27  strains  also  con- 
forms to  the  description  of  Pseudomcnas  aeruginosa  as  given  by 
Bergey  et  al.  (1)  with  the  exception  of  flagellation.  Inasmuch  as 
a  number  of  the  strains  in  this  group  were  received  from  other 
laboratories  as  Pseudomonas  aeruginosa  and  had  originally  been 
isolated  from  human  lesions,  the  entire  group  of  27  has  been  con- 
sidered representative  of  that  species.  Subsequently,  Harris  (12) 
found  all  members  of  this  group  to  be  serologically  homologous  in 
the  decapsulated  state  and  antigenically  different  from  decapsu- 
lated  representatives  of  the  613  lophotrichous  strams. 

Additional  morphological  and  biochemical  characteristics  of  the 
613  lophotrichous  forms  permits  their  separation  into  2  groups  as 
shown  in  table  2. 

It  may  be  noted  in  table  2  that  the  613  lophotrichous  organisms 
were  separated  into  2  groups  on  the  basis  of  their  action  m  gelatm, 
litmus  milk,  and  the  ability  to  grow  at  37^C.  Group  1  comprismg 


Table  2. — The  morphological  and  biochemical  characteristics  of  613 

lophotrichous  bacteria. 


Group  1 


Group  2 


Number  of  cultures 

Polar  flagella 

Gram  reaction 

Shape 

Growth  at  37*'C. 

Agar  slant 

Gelatin  stab 

Nutrient  broth 

Litmus  milk 
Pigment  production: 

Pyocyanin 
Fluorescein 

Fermentation: 

Glucose 
Sucrose 
Lactose 

Reduction  of  Nitrates 
Indol 


603 

2  to  5 

Negative 

Short  rods 

Little  or  no  growth 

Filiform,  greyish  white 

Crateriform  to  infun- 
dibuliform  liquefac- 
tion 

Turbid,  slimy  sedi- 
ment and  pellicle 

Alkaline  with  clearing     No  change 


10 

2  to  5 

Negative 

Short  rods 

Good  growth 

Filiform,  greyish  white 

No  liquefaction 


Turbid,  slimy  sedi- 
ment and  pellicle 


+ 


-f 

4-    (fev/  — ) 

-f 


(few  — ) 


-f 


—  =:  Negative:  4-  =  Positive. 

603  cultures  was  characterized  by  either  very  feeble  growth  or  no 
growth  at  37"C.,  rather  active  liquefaction  of  gelatin,  and  pep- 
tonization of  litmus  milk.  Group  2  containing  10  strains  was  found 
to  grow  well  at  37^C.  but  did  not  liquefy  gelatin  or  bring  about  any 
change  in  litmus  milk.    All  lophotrichous  forms  were  found  to 
grow  well  at  room  temperature  on  nutrient  agar  slants.  Growth 
was  found  to  be  filiform,  abundant,  and  greyish-white.   After  an 
incubation  period  of  a  few  days,  a  soluble  yellow-green  pigment 
penetrated  the  substrate,  increasing  in  amount  as  aging  progres- 
sed. In  nutrient  broth  growth  was  initiated  at  the  surface  as  deli- 
cate floccules  which  as  they  settled  resulted  in  uniform  turbidity. 
After  incubation  for  several  days  a  slightly  viscid  sediment  ac- 
cumulated. A  yellow-green  pigment  was  usually  in  evidence  near 
the  surface  of  the  broth.  As  this  pigment  was  colorless  under  re- 
duced conditions,  it  was  not  apparent  throughout  the  entire  tube 
as  long  as  the  culture  was  actively  metabolizing.  On  agmg  of  the 
cultures,  the  pigment  was  observed  to  travel  downward  as  oxygen 
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apparently  diffused  downward  and  oxidized  the  pigment  to  a  col- 
ored state.  The  use  of  synthetic  media  showed  that  all  lophotri- 
chous  strains  produced  fluorescein,  but  in  no  case  could  produc- 
tion of  pyocyanin  be  demonstrated.  Careful  control  of  pH  was 
found  necessary  in  this  study  as  fluorescein  decolorizes  in  slightly 
acid  solution  and  may  be  overlooked  under  such  conditions. 

Group  1  forms  were  found  to  liquefy  gelatin  with  an  initial 
crateriform  type  of  liquefaction  that  slowly  changed  to  the  in- 
fundibuliform  type.  In  most  cases  liquefaction  was  found  to  be 
pronounced  at  the  end  of  three  days  at  18°C.  Group  2  cultures 
showed  no  evidence  of  liquefaction  in  any  trial  at  the  end  of  14 
days. 

Activity  in  litmus  milk  was  found  closely  correlated  with 
activity  in  gelatin.  Group  1  was  found  to  produce  an  alkaline 
reaction  followed  by  clearing.  In  undisturbed  tubes  the  alkaline 
reaction  first  appeared  as  a  zone  at  the  top  and  progressed  down- 
ward. As  the  intensity  of  the  daily  zones  was  distinctly  pronounced 
the  medium  took  on  a  banded  appearance.  Clearing  also  began 
at  the  top  of  the  tube  and  progressed  downward.  Reduction  of 
litmus  began  at  the  bottom  and  after  the  fifth  to  seventh  day  was 
usually  complete  except  for  a  shallow  zone  at  the  top  of  the  tube. 
At  the  end  of  a  week  the  milk  usually  became  completely  cleared 
and  assumed  a  greenish-yellow  color.  Group  2  on  the  other  hand 
did  not  produce  a  noticeable  change  in  litmus  milk.  ■ 

The  production  of  acid  from  glucose  was  observed  in  both  /groups 
of  lophotrichous  cultures.  In  nutrient  broth,  to  which  glucose  was 
added,  the  medium  turned  slightly  alkaline  within  one  day  but 
as  incubation  proceeded  the  medium  slowly  became  acid,  maxi- 
mum acidity  being  reached  in  from  three  to  five  days.  Following 
this  the  medium  again  became  alkaline,  and  at  the  tenth  day  all 
signs  of  previous  acidity  had  been  obscured.  The  maximal  acidity 
in  glucose  nutrient  broth,  although  evident,  was  very  slight,  and 
was  obscured  if  the  original  reaction  of  the  substrate  was  slightly 
alkaline.  Certain  lophotrichous  forms  appeared  to  be  able  to  at- 
tack sucrose.  The  acid  from  sucrose  was  found  to  appear  more 
slowly  than  in  the  case  of  glucose  but  the  acidity  remained  over  a 
longer  period  of  time.  Lactose  was  not  attacked  by  the  members 
of  either  group. 

All  strains  were  found  to  be  active  denitrifiers.  A  few  lophotri- 
chous strains  were  found  able  to  reduce  the  nitrogen  of  nitrates 
to  the  elemental  form.  Production  of  indol  and  hydrogen  sulfide 
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were  never  observed  with  any  of  the  613  cultures.  On  potato  slants 
all  cultures  grew  luxuriently,  producing  a  dirty  green  coloration. 

These  data  indicate  that  the  group  of  603  cultures  conformed  to 
the  description  of  Bacterium  fluorescens  (Flugge) ,  Lehmann  and 
Neumann  (17),  although  it  includes  isolations  received  from  other 
laboratories  as  PhytOTnonas  tahaci,  Ph.  angulata,  Ph.  primulae,  Ph, 
cerasi,  Ph.  vignae,  and  Ph.  syringae,  as  well  as  isolations  received 
as  PseudoTYionas  fluorescens.  The  other  group  of  10  cultures  con- 
formed to  the  description  of  Bacterium  putidum  (Flugge) ,  Leh- 
man and  Neumann  (17)  and  consisted  entirely  of  organisms  iso- 
lated from  soil  during  the  course  of  this  investigation. 

Serological  studies. — With  the  discovery  of  the  agglutination 
phenomena  by  Gruber  and  Durham  (10)  in  1896,  a  new  means  has 
been  available  for  the  identification  of  bacteria.  Following  this 
discovery,  serological  reactions  on  account  of  their  great  sensi- 
tivity and  specificity  have  been  employed  to  a  large  extent  in  as- 
sisting in  disease  diagnosis  as  well  as  in  the  species  identification 
of  bacteria.  The  union  of  bacterial  cells  with  their  respective  anti- 
bodies (agglutinins)  brings  about  a  disappearance  of  the  agglu- 
tinins from  the  serum  in  which  they  were  present.  Such  a  test 
known  as  agglutinin  absorption  as  employed  in  this  study,  was 
first  used  clinically  by  Castellani  (3)  in  1902  and  was  established 
by  Krumweide,  Cooper,  and  Provost  (16).  These  authors  state: 

"We  have  emphasized  again  and  again  the  postulate  that 
a  completely  positive  reciprocal  agglutinin  absorption  test 
is  the  ultimate  criterion  of  serological  likeness  or  identity 
of  two  bacterial  cultures  or  strains  and  that  absence  of  the 
completely  positive  reciprocal  reaction  is  a  definite  cri- 
terion of  unlikeness." 

Although  603  of  the  613  lophotrichous  organisms  were  found  to 
be  similar  to  Pseudomonas  fluorescens  on  the  basis  of  morphology 
and  biochemical  reactions,  this  group  included  cultures  previously 
identified  as  other  species  in  the  genus  Pseudomonas  as  well  as 
species  in  the  genus  Phytomonas.  In  a  further  effort  to  determine 
whether  these  603  cultures  formed  a  homogeneous  group,  sero- 
logical reactions  such  as  agglutination  and  agglutinin  absorption 
were  employed. 

For  the  purpose  of  these  serological  studies  25  representative 
cultures  including  6  recognized  Phytomonas  species,  8  cultures  of 
Pseudomonas  fluorescens  and  1  culture  of  Pseudomonas  putida 
were  used.  The  source  of  these  cultures  is  shown  in  table  3. 


Table  3. Source  of  cultures  used  in  serological  studies. 
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Culture  No. 


Source 


Isolated  by 


BE 

11 

12 
527 

16 
410 
519 
520 
524 
204 
80 

521 

353 

504 

630-1 
BBF 
80F. 

204D 

519F 

520A 

521L 

524C 

230 

248 

353 


Ph.  tahaci  isolated  from  wildfire 
lesion,  1938 

Ph.  tabnci  isolated  from  wildfire 
lesion,  9/1937 

Ph.  tabaci  isolated  from  wildfire 
lesion,  2/1938 

Ph.  tahaci  isolated  from  wildfire 
lesion 

Ph.  tahaci  isolated  from  wildfire 
lesion,  1923. 

Ph.  angulata  isolated  from  angu- 
lar leaf  spot,  1939 
Ph.  primulae  isolated  from  leaf- 
spot  of  primrose 

Ph.   cerasi   obtained   from  E.   E. 
Wilson,  University  of  California 

Ph.  syringae  isolated  from  lima 
beans,  10/1937 

Ps.  fluorescens  isolated  from  nor- 
mal mature  red  clover 
Ps.  fluorescens  isolated  from  nor- 
mal tobacco,  1938 
Ph.  vignae  obtained  from  E.  E. 
Wilson,  University  of  California 
Ps.  fluorescens  isolated  from  soil 


Ps.  fluorescens  isolated  from  old 
red  clover,  1939 

Ps  putida  isolated  from  compost 
heap,  1939 

Single  cell  of  Ph.  tahaci  BB  iso- 
lated from  wildfire 
Single  cell  of  Ps.  fluorescens  80 
isolated    from    normal    tobacco, 
1938 

Single  cell  of  Ps.  fluorescens  204 
isolated  from  normal  mature  red 
clover 

Single  cell  of  Ph.  primulae  519 
isolated  from  leafspot  of  prim- 
rose 

Single  cell  of  Ph.  cerasi  510  ob- 
tained from  E.  E.  Wilson,  Uni- 
versity of  California. 
Single  cell  of  Ph.  vignae  obtained 
from  E.  E.  Wilson 
Single   cell   of  Ph.  syringae  524 
isolated  from  lima  beans,  10/1937 
Ps.  fluorescens  isolated  from  nor- 
mal young  red  clover,  1939 
Ps.  fluorescens  isolated  from  nor- 
mal young  red  clover,  1939 
Ps.  fluorescens  isolated  from  soil 


W.  S.  Beach,  The  Pennsyl- 
vania State  College 
W.  S.  Beach,  The  Pennsyl- 
vania State  College 
W.  S.  Beach,  The  Pennsyl- 
vania State  College 

E.   E.   Clayton,   U.   S.   De- 
partment of  Agriculture 

American    Type    Culture 
Collection 

J.   Johnson,   University   of 

Wisconsin 

P.   A.   Ark,   University   of 

California 

W.  H.  Burkholder,  Cornell 

University 

W.  H.  Burkholder,  Cornell 

University 

J.  Naghski,   The  Pennsyl- 
vania State  College 
R.  G.  Harris,  The  Pennsyl- 
vania State  College 
W.  H.  Burkholder,  Cornell 
University 

J.   Naghski,  The  Pennsyl- 
vania State  College 
J.   Naghski,  The  Pennsyl- 
vania State  College 
J.  Naghski,  The  Pennsyl- 
vania State  College 
W.  S.  Beach,  The  Pennsyl- 
vania State  College 
R.  G.  Harris,  The  Pennsyl- 
vania State  College 


J.  Naghski,  The  Pennsyl- 
vania State  College 

P.   A.   Ark,   University   of 
California 

W.  H.  Burkholder,  Cornell 
University 

W.  H.  Burkholder,  Cornell 
University 

W.  H.  Burkholder,  Cornell 
University 

J.  Naghski,  The  Pennsyl- 
vania State  College 
J.   Naghski,  The  Pennsyl- 
vania State  College 
J.   Naghski,  The  Pennsyl- 
vania State  College 


In  a  preliminary  series  of  agglutination  experiments  two  cul- 
tures in  the  Dawson  "M"  phase  were  used  as  antigens  in  animal 
inoculation  for  preparing  agglutinating  sera.  These  cultures  were 
Phytomonas  tahaci  BB  and  Pseudomonas  fluorescens  204.  The  ag- 
glutination reactions  using  the  antisera  so  obtained  with  homolo- 
gous and  heterologous  cultures  are  shown  in  table  4. 

Table  4.— Agglutination  reactions  of  "M"  phase  Phytomonas  and  Pseu- 
domonas species  with  anti-sera  prepared  against  a  strain  of  Ph.  tabaci 
and  a  strain  of  Ps.  fluorescens  in  the  "M"  phase. 


Phytomonas  Tabaci  BB 
Anti-serum  Dilutions 


Pseudomonas  Fluorescens 
204  Anti-serum  Dilutions 


Species  or  Bacteria 


*  S 

©ooooSo     «_022      SSSlcS 
ooooo«ocsT»«      CNjoooo      e^SiSS 


Ph.  tabaci  BB 
Ph.  tabaci  11 


"4t~4      4      4      4      4      3      2      -     -     2      4      4      4      3      1 


4      4 


Ph.  tabaci  12 


4      4      2      -      - 


Ph.  tabaci  527 


4      2- 


2      4      4      4      3      2- 


Ph.  tabaci  16 


2      -      -      - 


Ph.  angulata  4H> 


2-244431- 


Ph.  primulae  519 
Ph.  cerasi  520 


2 


--24442--- 


4      4      4      4      4 


4      2 


2444442- 


Ph.  vignae  521 


4 


i? 


4442---- 


Ph.  syringae  524 


z. 


-244431--- 


Ps.   fluorescens  k.04 
Ps   fluorescens   80 


2 


44444442 


4      4      4      4      4 


1      - 


2444442-- 


Ps.  fluorescens  353 


4      2      -     -     - 


-      4 


Ps.  fluorescens   504 
Ps  putida  630-1 


2 


~      4      4      4      4      4      4      4      3      1 


•  Higher  anti-serum  dilutions  and  saline  control  were  negative  _    ..... 

t  Numbers  refer  to  degree  of  macroscopic  agglutination:  4  =  complete.  1  -  sllgnx. 
-  =  no  agglutination. 

It  will  be  noted  in  table  4  that  all  members  of  lophotrichous 
group  1  used  in  this  experiment  showed  some  antigenic  relationship 
with  each  of  the  antisera,  while  Ps.  putida  630-1  representing  group 
2  of  the  lophotrichous  organism  failed  to  show  such  antigenic  rela- 
tionship. It  will  also  be  noted  that  various  strains  of  Phytomonas 
tabaci  reacted  in  much  lower  dilution  with  the  antiserum  pre- 
pared with  Pseudomonas  jluorescens  204  than  did  Phytomonas 
tabaci  BB.  In  this  connection  it  is  noteworthy  that  the  two  strains 
of  Phytomonas  tabaci  showing  the  lowest  titre  against  both  anti- 
sera, strains  11  and  16  are  the  oldest  isolations  in  the  group  and 
have  been  in  laboratory  cultivation  for  a  much  longer  period  of 
time  than  have  any  of  the  others.  Strain  12  represents  an  isolation 
made  more  recently  than  11  and  16  but  not  as  recently  as  BB  and 
strain  number  527.  The  relationship  between  length  of  laboratory 
cultivation  and  degree  of  reaction  with  the  two  antisera  is  also  ap- 
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parent  with  other  species  of  Phytomonas.  Ph.  vignae  521  and  Ph. 
syringae  524  are  relatively  old  isolations  and  reacted  poorly  while, 
on  the  other  hand,  the  other  species  of  Phytomonas  represented  are 
more  recent  isolations  and  reacted  to  the  titer  of  BB  and  204.  Anti- 
genic differences  in  the  case  of  Pseudoraonas  fluorescens  strains, 
however,  cannot  be  explained  on  this  basis  as  all  are  relatively 
recent  isolations. 

In  order  to  confirm  the  similarity  in  antigenic  nature  noted  be- 
tween Phytomonas  tahaci  BB  and  Pseudomonas  fluorescens  204 
as  shown  in  table  4,  an  agglutinin  absorption  study  was  made  using 
these  organisms  and  their  homologous  antisera.  The  data  obtained 
are  presented  in  table  5. 

Table  5. — Reciprocal  agglutinin- absorption  of  "M"  phase  anti-sera  and  "M" 
phase  antigens  of  Phytomonas  tabaci  BB  and  Pseudomonas  fluorescens  204. 


Aggluti- 
Absorbed     nated 
Serum  by  with 


Seruivi  Dilutions 


1-50     1-100     1-200     1-400     1-800     1-1600     1-3200     1-6400     C 


BB 


BB 


BB 
204 


BB 


204 


BB 
204 


204 


BB 


BB 
204 


204 


204 


BB 

204 


C  =  saline  control. 


The  inability  to  demonstrate,  table  5,  either  homologous  or 
heterologous  agglutination  between  Phytomonas  tahaci  BB  and 
Pseudomonas  fluorescens  204  after  reciprocal  absorption  in  titres 
as  low  as  1  to  50  when  it  was  previously  shown,  table  4,  that  cross 
agglutination  titres  ranged  from  1-800  to  1-3,200  indicates  the 
very  close  antigenic  relationship  and  similarity  of  these  two  micro- 
organisms. 

Serological  studies  employing  single-celled  cultures. — In  order 
to  make  certain  that  the  antigenic  relationship  found  to  exist 
among  known  strains  of  Pseudomonas  and  Phytomonas  in  these 
preliminary  studies  was  not  a  result  of  impure  cultures,  39  single 
celled  isolations  were  made  of  5  species  of  Phytomonas  and  3  spe- 
cies of  Pseudomonas  by  the  method  previously  described.  Only 
those  single-cell  strains  were  chosen  for  use  as  antigens  which 
closely  resembled  the  parent  culture  in  all  morphological,  physio- 
logical, and  serological  characteristics,  table  3.  Representative 
single-cell  strains  in  the  Dawson  "M"  phase  were  used  as  antigens 
in  animal  inoculation  and  the  agglutination  reactions  of  these 
strains  with  the  antisera  obtained  are  presented  in  table  6. 
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Table  6.- 

-Cross  agglutination  reactions  of  the  "M"  pha 

and  Phytomonas  species. 

se  of  Pseudomonas 

Antigens 

Antisera 

BBF 

8OF2 

410 

204D 

519F 

520A 

521L 

524C        412 

BBF 

2560t 

5120 

2560 

2560 

2560 

5120 

—          — 

8OF2 

2560 

5120 

2560 

2560 

5120 

5120 

—          — 

410 

2560 

5120 

2560 

2560 

5120 

10240 

—          — 

204D 

1280 

5120 

1280 

2560 

5120 

5120 

—          — 

519F 

1280 

5120 

1280 

2560 

5120 

10240 

—          — 

520A 

1280 

5120 

2560 

2560 

5120 

10240 

— 

—          — 

521L 


320 


640 


160 


1280 


160 


2560     10240       2560  — 


524C 


640 


1280 


160 


80 


80 


40       5120     10240  — 


412' 


1280 


•  412  is  a  culture  of  Ps.  aeruginosa  used  for  purposes  of  comparison, 
t  Numbers  represent  the  reciprocal  of  the  highest  serum  dilution  showing  macro- 
scopic agglutination. 

The  data  in  table  6  shows  that  the  strains  of  Phytomonas  tahaci 
BBF,  Ph.  angulata  410,  Ph.  primulae  519F,  Ph.  cerasi  520A  and 
Pseudomonas  fluorescens  204D  and  8OF2  give  cross  agglutination 
reactions  in  almost  the  tame  titre  as  obtained  with  the  homologous 
organism.  Phytomonas  vignae  521L  and  Ph.  syringae  524C,  on  the 
other  hand,  show  considerably  less  antigenic  similarity. 

Agglutinin  absorption  te$ts  employing  the  single-celled  isola- 
tions were  also  used  in  a  further  effort  to  determine  relationships 
within  this  group  of  cultures.  The  data  obtained  are  presented  in 
table  7.  # 

Table  7. — Reciprocal  agglutinin  absorption  of  "M"  anti-sera  by  "M"  anti- 
gens of  Pseudomonas  and  Phytomonas  species. 


Absorbed 

BY 

Antigens 

Sfrum 

BBF 

8OF1. 

410 

204D 

519F 

520A 

521L 

524C 

BBF 

40* 

40 

40 

40 

40 

40 

40 

^ 

80Fl. 

40 

40 

40 

40 

40 

40 

40 

40 

410 

40 

40 

40 

40 

40 

40 

40 

40 

BBF 

204D 

640 

640 

4- 
160 

40 

40 

40 

40 

40 

51 9F 

-f 
320 

320 

40 

40 

40 

40 

40 

40 

520A 

640 

640 

-f 
160 

^ 

40 

40 
320 

40 
40 
40 

40 

521L 

-f 
1280 

+ 
1280 

-f 
1280 

-f-f 
1280 

1280 

+ 
640 

+4- 
640 

40 

524C 

+ 
1280 

640 

640 

-f-f 
160 

40 

Numbers  in  this  tabic  are  reciprocals  of  highest  serum  dilution  showing  any  macro- 
scopical  agglutination.  ++++,  +++.  ++.  +  denote  degree  of  agglutmation  from 
complete  to  trace.  Controls  and  higher  dilutions  were  negative. 
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Table  7.  (Continued) — Reciprocal  agglutinin  absorption  of  "M"  anti-sera 
by  "M"  antigens  of  Pseudomonas  and  Phytomonas  species. 


Absorbed 

Antigens 

Serum      by 

BBF 

8OF2 

410 

204D 

519F 

520A 

521L 

524C 

BBF 

40 

40 

40 

40 

40 

40 

40 

40 

8OF2 

40 

40 

40 

40 

40 

40 

40 

40 

410 

40 

40 

40 

40 

40 

4-4- 
40 

40 

40 

204D 

at 

+4- 
320 

at 

40 

40 

40 

40 

40 

8OF2 

519F 

640 

4-4- 
320 

-h4- 
160 

40 

40 

40 

40 

40 

520A 

640 

+4- 
320 

4-- 
320 

^ 

40 

40 

4-H 
320 

4- 
160 

521L 

+4- 
2560 

4- 
5120 

5120 

4-+ 
2560 

4- 
5120 

2560 

40 

40 

524C 

2560 

4-4- 
2560 

4- 
5120 

4- 
2560 

-f 
5120 

4  4- 
5120 

40 

40 

BBF 

m 

iO 

4t 

m 

40 
40 
40 

40 

40 

4-4- 
40 

40 
40 
40 

40 

8OF2 

m 

«o 

a 

40 

4-4- 
40 

40 

410 

40 

m 

m 

40 

204D 

+4 

320 

4- 

320 

4- 

160 

m 

io 

40 

40 

40 

410 

519F 

+4- 
320 

4- 
160 

it 

M 

«• 

40 

40 

40 

520A 

640 

4- 
640 

160 

i 

it 

40 

40 

40 

521L 

4- 
1280 

4-f 
1280 

4-+ 
640 

4-4- 

640 

4-4-4- 

640 

m 

40 

40 

524C 

1280 

4- 
1280 

4- 
1280 

4 
640 

4-h+ 
320 

4- 

1280 

40 

40 

BBF 

4- 
40 

+4- 
40 

^ 

+4- 
160 

+4- 
80 

4- 
160 

4- 
320 

40 

80F.' 

40 

40 

40 

4- 
160 

40 

160 

4- 
320 

40 

410 

40 

40 

40 

4- 
640 

40 

4- 
160 

4- 
320 

40 

204D 

4- 
40 

4- 
40 

40 

40 

40 

40 

4-+ 
80 

4-4- 
320 

40 

204D 

519F 

4- 
80 

40 

40 

4- 
320 

40 

40 

520A 

+ 
160 

+4- 
160 

4-+ 
40 

4-f 
320 

^ 

40 

4-^4- 
320 

4- 
40 

521L 

1280 

4-+4- 
1280 

4-4-h 
1280 

4-4- 
1280 

-f4- 
1280 

4- 
1280 

4- 
1280 

40 
40 

40 

524C 

4- 
1280 

1280 

1280 

4- 
1280 

-4- 

1280 

40 
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Table  7.  (Continued) — Reciprocal  agglutinin  absorption  of  "M"  anti-sera 

by  "M"  antigens  of  Pseudomonas  and  Phytomonas  species. 

Absorbed  Antigens 

Serum              by                       "BBF  80F^  4l0  204D        519F  520A  521L  524C 

+  —  +  4--h4-  +  —  — 

BBF                          40  40  40  160             80  40  40  40 

—  —  —  -\-\-\-      -h4-4-  —  —  -T 
8OF2                           40  40  40  640           640  40  40  40 

11-       _^_|_^_  __  _  _ 

410                              40  40  40  320           640  40  40  40 

204D                          40  40  40  40           320  40  40  40 

519F                  _____  _  __ 

51 9F           40  40  40  40     40  40  40  40 

—  4-  4-  -^4-4-  —  —  — 
520  A           40  40  40  160    160  40  40  40 

^  47"   .^.^  4-  -f-  -f.  —  — 

521L         1280  2560  2560  2560    2560  2560  40  40 

-f4-4-   4-4-4-  ++  '^        ++  4-4-  —  — 

524C         1280  1280  2560  1280    1280  1280  40  40 

—  4-h  4--^  4-h  4-  -H4-  ±  ~ 
BBF           40  80  80  320    160  320  80  40 

"~                    —  —  ++  -^     4-  -f-4-  +  — 

8OF2           40  40  80  160     80  160  320  40 

~             —  Z  —  +   —  ++  ++  z~ 

410            40  40  40  40     40  40  80  40 

Z  Z  Z  Z    Z"  +  4.-|_  _- 

204D           40  40  40  40     40  160  160  40 

520A                  —  —  —  —     —  —  —  — 

519F           40  40  40  40     40  40  40  40 

520A           40  40  40  40     40  40  40  40 

+""    4-  -»-  4-  4-  4-4-  —  — 

521L         5120  5120  10240  10240    5120  2560  40  40 

4-4-  -\-  -f  4-4-4-4-4-  4-  -- 

524C         2560  5120  5120  5120    1280  5120  640  40 

_.  —  —  4-     —  4-  -h  4-4- 

BBF          40  40  40  160     40  80  1280  320 

Z  Z  Z  Z     Z  —  4-4-4-  +~ 

8OF2           40  40  40  40     40  40  2560  2560 

Z  Z  Z  Z    Z  Z  '^^  ~ 

410           40  40  40  40     40  40  2560  1280 

_.----—  4-4-  4-4- 

204D          40  40  40  40     40  40  5120  5120 

*^^^     519F          40  40  40  40     40  40  2560  2560 

—  —  —  4-  4-4-4-  —  4-4:4-  + 
520A          40  40  40  320     40  40  1280  1280 

521L          40  40  40  40     40  40  40  40 

—  —  —  4-  —  4-4-  -f-r  — 
524C          40  40  40  160     40  40  1280  40 


16 


Pennsylvania  Agricultural  Experiment  Station 


Table  7.  (Conlinued)— Reciprocal  agglutinin  ^sorption  of  "M"  anti-sera 
by  "M"  antigens  of  Pseudomonas  and  Phytomonas  species. 

Absorbed 

Anttgfns 

Serum             by 

BBF 

80F:! 

410           204D 

519F 

520A 

521L 

+ 
640 

524C 

BBF 

40 
40 

40 

40             40 

40 

40 

-f 
640 

8OF2 

40 

40             40 

40 

40 

640 

2560 

410 

40 

40 

40             40 

40 

40 

640 

4- 
2560 

204D 

40 

40 

40             40 

40 

40 

40 

4-4- 
5120 

524C 

519F 

40 

40 

40             40 

40 

40 

640 

2560 

520A 

40 

40 

40             40 

+4- 
80 

• 
40 

-f-f 
640 

4- 
2560 

521L 

^ 

40 

40            40 

40 

40 

40 

4-4- 
640 

524C 

40 

40 

40             40 

40 

40 

40 

40 

It  will  be  noted  in  table  7  that  reciprocal  absorption  (employ- 
ing these  cultures)  indicates  the  antigenic  identity  of  Ph.  tabaci 
BBF,  Ph.  angulata  410,  Ph.  primulae  519F,  Ph.  cerasi  520A  and 
Pseudomonas  fluorescens  80F,,  and  204D.  Ph.  vignae  521L  and  Ph. 
syringae  524C  were  found  to  reduce  the  titres  of  the  other  sera  al- 
though not  effecting  complete  removal  of  the  agglutinins.    The 
other  cultures  likewise  did  not  completely  remove  the  agglutinins 
from  the  Ph.  vignae  521L  and  Ph.  syringae  524C  antisera,  al- 
though effecting  a  reduction  in  titre.   On  the  basis  of  these  data, 
Phytomonas  syringae  524C  and  Ph.  vignae  521L  appear  to  have  a 
greater  antigenic  similarity  to  each  other  than  either  exhibits  to- 
ward the  remaining  cultures.  Thus  in  the  "M"  phase,  they  cannot 
be  considered  identical.   It  should  be  mentioned  again,  however, 
that  the  strains  of  Phytomonas  vignae  521L  and  Ph.  syringae  524C 
are  the  only  cultures  in  this  comparison  which  are  not  recent  iso- 
lations. Previous  work  with  Phytomonas  tabaci  strains  which  had 
been  under  laboratory  cultivation  for  long  periods  of  time  indi- 
cated a  progressive  loss  of  antigenic  similarity  in  the  "M"  phase 
as  a  result  of  laboratory  cultivation,  table  4.  The  data  presented 
in  tables  4  to  7  inclusive  obtained  from  the  study  of  organisms  m 
the  Dawson  *'M"  phase  indicates  the  very  close  antigenic  relation 
of  these  cultures. 

Antigenic  relation  of  decapsulated  green  fluorescent  bacteria.— 
The  studies  of  Julianelle  (14)  have  shown  that  antigenic  relation- 
ships between  cultures  in  the  "M"  phase  may  merely  indicate  that 
similar  soluble  specific  polysaccharides  are  present  in  the  capsular 
material  of  the  cells  and  that  upon  decapsulation  the  same  cells 
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show  no  antigenic  similarity.  For  the  purpose  of  determining 
whether  the  antigenic  similarity  found  in  this  study  was  merely 
one  of  capsular  material  or  actually  involved  the  proteins  of  the 
cell,  Dawson  "S"  forms  of  these  strains  of  Phytomonas  and  Pseudo- 
monas were  obtained  by  growth  of  the  organism  in  nutrient  broth 
containing  10  per  cent  homologous  immune  serum.  In  the  case  of 
recent  isolations  included  in  this  study  little  difficulty  was  en- 
countered in  obtaining  the  Dawson  "S"  phase.  In  the  case,  however, 
of  the  older  isolates,  Phytomonas  vignae  521L  and  Phytomonas 
syringae  524C,  considerable  difficulty  was  encountered  not  only  in 
obtaining  the  "S"  phase  but  also  in  maintaining  organisms  in  it. 
In  these  two  cases  the  difficulty  in  maintaining  the  cells  in  the 
"S"  phase  was  so  great  that  the  cultures  finally  used  as  antigens 
cannot  be  said  with  certainty  to  represent  the  "S"  phase,  as  "M" 
variants  appeared  frequently  in  spite  of  all  precautions. 

Animals  were  immunized  with  the  "S"  phase  strains  and  the 
antisera  obtained  were  used  in  making  agglutination  tests  with 
homologous  and  heterologous  strains.  The  results  are  presented  in 
table  8. 

Table  8. — Cross  agglutination  reaction  of  the  "S"  phase  of  Pseudomonas 

and  Phytomonas  species. 


Antigens 







Antisera 

BBF 

8OF2 

410 

204D 

519F 

520A 

521L 

524C 

412 

BBF 

10240t 

10240 

10240 

5120 

5120 

10240 

5120 

5120 

— 

8OF2 

5120 

10240 

10240 

5120 

5120 

10240 

5120 

5120 

— 

410 

5120 

10240 

10240 

5120 

5120 

5120 

5120 

5120 

— - 

204D 

5120 

5120 

10240 

5120 

10240 

5120 

5120 

5120 

— — 

519F 

5120 

10240 

5120 

5120 

10240 

10240 

2560 

5120 

— 

520A 

5120 

10240 

10240 

5120 

10240 

10240 

5120 

5120 

^^ 

521L 

5120 

5120 

5120 

10240 

10240 

10240 

10240 

5120 

—^ 

524C 

5120 

5120 

10240 

10240 

5120 

5120 

5120 

10240 

1  nAi\ 

412* 

1240 

♦  412  is  a  culture  of  Pseudomonas  aeruginosa  used  for  the  purpose  of  comparison, 
t  Numbers  represent  the  reciprocal  of  the  highest  serum  dilution  showing  macro- 
scopic agglutination. 

It  will  be  noted  in  table  8  that  this  group  of  lophotrichous  green 
fluorescent  bacteria  in  the  "S"  phase  showed  definite  antigenic 
similarity  upon  cross  agglutination  among  all  strains  while  culture 
No.  412  a  monotrichic  culture  which  was  used  as  a  control  showed 
no  antigenic  relation  with  the  eight  lophotrichous  "S*'  phase  anti- 
sera. The  relationship  between  Phytomonas  syringae  524C  and 
Ph.  vignae  521L  and  the  remaining  members  of  the  lophotrichous 
group  appeared  more  pronounced  than  in  any  study  conducted 
with  "M"  phase  cells. 

The  first  series  of  agglutinin  absorption  reactions  made  with  or- 
ganisms in  the  "S"  phase  and  the  antisera  obtained  from  animal 
inoculation  with  "S'^  phase  cells  indicated  that  the  absorbing  ca- 
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pacity  of  "S"  phase  cells  was  less  than  those  in  the  "M"  phase. 
The  titres  obtained  upon  homologous  and  heterologous  agglutina- 
tion showed  that  a  similar  degree  of  absorption  had  occurred  but 
seldom  had  the  agglutinins  been  completely  removed.  For  this 
reason  three  standard  absorbing  doses  of  antigen  were  used  m  later 
studies.  Eight  antisera  produced  with  "S"  phase  cultures  were 
each  absorbed  by  the  eight  cultures  in  the  "S"  phase  and  then 
tested  for  the  presence  of  agglutinins  with  homologous  and  heter- 
ologous cultures.  The  results  are  shown  in  table  9. 

Table  9.— Reciprocal  agglutinin  absorption  of  "S"  phase  anti-serum  and 
"S"  phase  antigens  of  Pseudomonas  and  Phytomonas  species. 


Absorbed 
Serum  by 


ANTir.PNS 


BBF 


8OF1; 


410 


204D 


519F      520A         521L        524C 


BBF 


20* 


-I- 
40 


20 


+  +         +4- 

40  80  40 


50 


50 


8OF2 


80 


^ 


20 


4- 
50 


50 


50  50 


50 


410 


20 


i 


+4- 
20 


4- 
40 


50  40 


50  50 


204D 


^ 


SO  20 


20 


50  20  50  50 


BBF 


519F 


A 


4-f 
50 


$        sb 


20 


50  50  50 


520A 


50 


50 


50 


50 


50 


50 


50 


50 


521L 


100 


1^      +Yo      ++5^  1* 


100 


100 


-f 

100 


524C 


+      +4-4- 
1600         1600 


!__}_    _L-|-    -I— f   4-4-4-     —     — 
1600    1600    1600    1600     50     50 


BBF 


4-4- 
40 


4- 
80 


4-+ 
40 


& 


a 


A 


4- 
50 


4-4- 
50 


BOFa 


410 


50  50 


4-  —         ++         +± 

50  50  40  50 


4- 
50 


4- 
50 


4- 
80 


4-4- 
40 


4- 
40 


—  —         44- 

50  50  50 


44-        4-4- 
50  50 


204D 


4- 
40 


44 
20 


4- 
80 


4- 
40 


4- 
40 


8OF2 


519F 


+4 
50 


4 
50 


4 
50 


-1- 
50 


4 
50 


—  —        4-4- 

50  80  50 


520A 


50 


50 


50 


50 


50 


50 


50 


50 


521L 


4 
100 


4- 
50 


—  —         44- 

50  50  50 


44- 
50 


$ 


$ 


524C 
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trace    Highetdilutionr^^  controls  were  negative. 
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Table  9.  (Continued)— Reciprocal  agglutinin  absorption  of  "S"  phase  anti- 
serum and  "S"  phase  antigens  of  Pseudomonas  and  Phytomonas  species. 

Absorbed 

Antigens 

Serum             by 

BBF 

8OF2 

410 

204D 

519F 

520A 

521L 

524C 

BBF 

2^. 

<!> 

-1- 
80 

44 
20 

+4+0 

4 
40 

50 

50 

8OF2 

44 
20 

4 
20 

4-4- 
40 

4 
40 

4 
40 

44- 
20 

50 

50 

410 

44 
20 

44 
40 

4 
80 

4- 
20 

4 
80 

4 
40 

4- 
50 

4- 
50 

204D 

4 
20 

4 
20 

i 

i 

4 
40 

+2t 

50 

50 

410 

519F 

44 
50 

44 
50 

50 

4 
100 

80 

80 

+^ 

44 
50 

4- 
50 

520A 

44 
50 

44 
50 

A 

4 
50 

4- 
100 

4- 
50 

521L 

4- 
100 

100 

44 
50 

++5^ 

A 

4 
100 

444- 
50 

+5t 

524C 

44 
3200 

44 

3200 

444 
3200 

44 
3200 

444 
3200 

444 
3200 

50 

50 

BBF 

44 
40 

4 
80 

44 
40 

4 
80 

+4& 

4 
80 

44 
50 

4-4 
50 

8OF1' 

4 
20 

4 
20 

20 

4 
20 

4 
50 

<& 

4 
50 

4- 
50 

410 

4 
40 

44 
40 

44 
40 

-1- 
40 

444 
50 

44 
50 

+^ 

■^^ 

204D 

4 
20 

4 
20 

4 
20 

20 

4 
50 

4- 
50 

4 
50 

+5+0 

204D 

519F 

444 
50 

44 
50 

4 
100 

4- 
100 

44 
50 

44 
50 

+5+0 

++ 

50 

520A 

4 
100 

444 
50 

444 
50 

100 

4 
100 

444 
50 

44- 
50 

■"^ 

521L 

444 
50 

44 
50 

50 

4-^ 
50 

50 

4+ 
50 

+55. 

& 

524C 

444 
1600 

800 

800 

4-^4 
1600 

1600 

4—1- 
800 

44 
50 

50 

BBF 

40 

40 

40 

80 

4- 
80 

40 

40 

8OF2 

4 
50 

4 
50 

4 
50 

4 
100 

+5t 

+i 

410 

44 
50 

4 
50 

4 
40 

44- 
50 

44 
50 

4- 
50 

40 

ii 

204D 

40 

40 

40 

40 

40 

40 

40 

519F 

51 9F 

^ 

A 

44 
50 

4-H 
50 

+5^ 

4 
50 

50 

4- 
50 

520A 

40 

40 

40 

40 

40 

40 

40 

4- 
100 

40 

521 L 

4 
100 

44 
50 

+5& 

444 

800 

4 
100 

44 
1600 

4 
100 

44 
1600 

4- 
100 

44 
1600 

•^ifc 

\ 

50 

524C 

44 
1600 

444 
800 

50 
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Table  9.  (Continued)— Reciprocal  agglutinin  absorption  of  "S"  phase  anti- 
serum and  "S"  phase  antigens  of  Pseudomonas  and  Phytomonas  species. 

Absorbed 

BY 

Antigens 

Serum 

BBF 

80F.. 

410 

204D 

519F 

520A 

521L 

524C 

BBF 

+ 
80 

40 

4+ 
40 

4- 
80 

40 

+4- 
80 

40 

+ 
40 

SOFu 

40 

40 

40 

4 
80 

40 

4 
80 

40 

40 

410 

40 

4- 
40 

40 

4 
80 

+ 
40 

80 

40 

40 

204D 

40 

40 

40 

40 

40 

40 

40 

40 

520A 

519F 

100 

+ 
100 

4 
100 

+4 
50 

4+ 
50 

4 
100 

44 
50 

4-4- 
50 

520A 

40 

40 

40 

40 

40 

40 

40 

40 

521L 

100 

44 
100 

-\- 
100 

++4 
50 

-1- 
100 

-f4 
100 

4- 
100 

+4-+ 
50 

524C 

+4-4- 
1600 

4-+4 
1600 

++ 

1600 

4-4-4- 
1600 

44 
1600 

+ 
3200 

50 

50 

204D 

+4 
50 

++ 
50 

4- 
50 

4 
50 

++ 
50 

4++ 
50 

44 
400 

4-4- 
800 

519F 

50 

+-h 
50 

+-f 
50 

+i& 

+4- 
50 

4- 
100 

4- 
100 

+ 
200 

521 L 

520A 

^ 

40 

40 
50 

40 
50 

40 
50 

40 

-1- 
800 

4-4 

400 

521L 

50 

50 

50 

50 

50 

524C 

56 

50 

50 

50 

50 

50 

50 

50 

204D 

4-+ 
50 

4-4 
50 

^ 

4 
50 

44 
50 

4-4 
50 

44- 
800 

-f-f 
800 

519F 

Yo 

^ 

50 

50 

50 

50 

4- 
100 

200 

524C 

520A 

++5-^0 

t, 

50 

44 
50 

+^ 

50 

+4 
100 

4-4- 
400 

521L 

50 

50 

50 

50 

50 

50 

50 

50 

524C 

50 

50 

60 

SO 

50 

50 

50 

50 

Table  9  shows  the  complete  reciprocal  removal  of  agglutinins 
in  all  antisera  except  that  prepared  against  Phytomonas  vignae 
521L  and  Ph,  syringae  524C.  The  results  obtained  by  three  absorp- 
tions with  Phytomonas  cerasi  520A,  Ph.  tabaci  BBF,  Ph.  angulata 
410,  Ph.  primulae  519F,  are  comparable  to  those  obtained  by  three 
absorptions  with  the  strains  of  Pseudomonas  fluorescens  204D 
and  8OF2. 

The  results  presented  in  table  9  indicate  that  the  protein  frac- 
tions of  Phytomonas  tabaci  BBF,  Ph.  angulata  410,  Ph.  primulae 
519F,  Ph.  cerasi  520A  and  Pseudomonas  fluorescens  204D  and  8OF2 


are  antigenically  identical.   The  data  cannot  be  said  to  indicate 
such  antigenic  identity  with  respect  to  Phytomonas  syringae  524C 
and  Ph.  vignae,  but  it  likewise  cannot  be  said  with  certainty  in 
the  case  of  these  two  strains  that  all  cells  used  in  the  production  of 
antisera  and  as  antigens  in  agglutination  reactions  were  in  the 
"S"  state.  Failure  of  reciprocal  agglutinin  absorption  to  indicate 
identity  in  these  cases  had  rather  been  expected  because  of  the 
tendency  of  variant  "M"  forms  to  appear  in  any  cultivation  of 
these  strains  apart  from  homologous  antisera.  That  this  accounts 
for  the  failure  to  demonstrate  equivalent  reciprocal  agglutinin 
absorption  in  tests  of  these  strains  with  the  other  members  of  the 
group  receives  additional  confirmation  in  a  study  of  the  absorptive 
capacity  of  Phytomonas  vignae  521L.   In  what  approximated  the 
"S"  phase  in  the  case  of  this  species  all  agglutinins  were  removed 
from  each  of  the  other  sera,  however,  the  other  organisms  with  the 
exception  of  Phytomonas  syringae  514C  failed  to  remove  agglu- 
tinins from  Phytomonas  vignae  521L  antiserum  to  the  equivalent 
extent.  This  can  only  be  accounted  for  on  the  assumption  that  the 
so-called  "S"  phase  of  Phytomonas  vignae  521L  contained  all  of  the 
antigens  possessed  by  Phytomonas  tabaci  BBF,  Ph.  angulata  410, 
Ph.  cerasi  520A,  Ph.  primulae  519F  and  Pseudomonas  fluorescens 
204D  and  8OF2  in  the  "S^'  phase  but,  in  addition,  some  other  antigenic 
fraction  was  present  such  as  could  be  accounted  for  by  the  presence 
of  capsular  material  due  to  the  "M"  variants  which  always  ap- 
peared in  the  cultivation  of  the  organism. 

Variation  in  antigenicity  of  green  fluorescent  bacteria.— The 
foregoing  experiments  on  a  number  of  green  fiuorescent  bacteria 
have  indicated  that  a  close  relationship  exists  between  the  bac- 
terial pathogen  Ph.  tabaci  and  the  soil  saprophyte  Ps.  fluorescens. 
The  concept  that  one  and  the  same  organism  may  at  one  time  be 
parasitic  and  another  time  saprophytic  is  not  at  all  unusual  in  the 
light  of  our  knowledge  of  bacterial  variation.  Studies  dealing  with 
bacterial  variation  have  shown  (11)  that  numerous  bacterial  patho- 
gens undergo  temporary  variations  as  a  result  of  change  in  en- 
vironment. Such  adaptations  frequently  include  correlated  varia- 
tions in  which  the  colony  morphology,  virulence,  and  antigenic 
characters  of  the  cells  vary.  In  this  study  as  shown  on  the  follow- 
ing pages  similar  alterations  in  antigenic  structure  with  a  cor- 
related variation  with  respect  to  virulence  have  been  noted. 

It  is  not  feasible  to  discuss  the  subject  of  bacterial  variation  in 
this  paper.  Reference  has  been  made  to  an  extensive  review  (11). 
Certain  workers  (2)  question  the  value  of  serological  reactions  as 
a  means  of  measuring  relationship  between  plant  pathogens  while 
others  (22)  believe  a  definite  positive  correlation  exists.    The 
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authors  realize  the  many  pitfalls  confronting  workers  in  this  field 
of  study  but  believe  that  the  earlier  conclusions  drawn  from  in- 
vestigations which  did  not  take  into  consideration  dissociation 
phenomena  or  separate  the  different  bacterial  phases  for  study  are 
not  valid  objections  at  the  present  time.  Recent  reports  (20) 
stating  the  lack  of  relation  between  pathogenicity  and  agglutina- 
tion phenomena  have  apparently  erred  in  a  similar  manner  in 
disregarding  the  phase  study  of  the  cultures  employed. 

The  authors  consider  that  serological  techniques  measure  the 
sum  of  the  morphological  and  physiological  characteristics   (in- 
cluding pathogenicity)    of   the   germ   plasm   of  bacterial   cells. 
Such  techniques  are  a  measure  of  the  chemical  composition  of 
cells  or  the  chemical  composition  of  the  surface  areas  of  bacterial 
cells.  It  is  well  established  that  numerous  groups  of  organisms  in 
the  "M'^  phase  have  slightly  different  morphological,  physiological, 
and  serological  characteristics.  However,  if  the  surface  covering 
of  polysaccharide  material  is  removed  from  these  different  groups, 
the  remaining  "S"  cells  are  identical.  The  polysaccharide  surface 
covering  of  such  "S"  cells  is  known  to  be  a  product  of  the  cell 
environment.   Pathogenicity  is  just  as  much  a  variable  factor  as 
other  physiological  and  morphological  characteristics  of  micro- 
organisms.   In  many  disea^s  of  man  and  other  animals  such  as 
typhoid  fever,  pneumonia,  "Bangs''  disease,  pullorum  etc.,  sero- 
logical analysis  is  employed  as  the  final  and  especially  sensitive 
test  indicating  the  presence  of  the  bacteria  responsible  for  the  dis- 
ease.  So  proved  and  accepted  is  this  method  of  serological  tech- 
niques that  in  no  case  is  it  required  upon  obtaining  a  positive  sero- 
logical result  to  inject  a  second  person  with  a  typhoid  or  other  dis- 
ease organism  and  produce  the  disease  to  be  certain  that  the  first 
person  in  reality  had  typhoid  fever.  It  is  well  known  that  many 
pathogens  maintained  for  any  prolonged  period  on  laboratory  cul- 
ture media  become  avirulent.  In  some  instances  loss  of  virulence 
occurs  slowly  and  at  other  times  fairly  rapidly.  It  is  also  known 
that  virulence  may  be  enhanced  when  the  microorganism  is  in  a 
suitable  environment  or  host.   It  is  known  that  in  epidemics  of 
disease  the  virulence  of  the  microorganism  varies  from  one  epi- 
demic to  another.  All  gradations  of  virulence  from  a  practically 
complete  avirulent  form  to  a  form  of  maximum  virulence  may 
exist  at  different  times.  Wolfe  and  Foster  in  giving  the  name  wild- 
fire to  this  leaf  spot  disease  of  tobacco  may  have  inadvertently  des- 
cribed how  rapidly  normal  soil  and  plant  forms  may  become 
pathogenic  under  suitable  conditions.    Since  pathogenicity  is  a 
relative  term  and  must  be  considered  in  relation  to  host  suscepti- 
bility bacterial  variation  of  plant  pathogens  should  of  necessity 
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take  into  consideration  the  physiology  and  environment  of  the  host 
plant. 

It  should  not  be  assumed  that  since  Phytomonas  tahaci  and  Ps. 
fluorescens  in  the  "S"  form  are  identical  that  they  are  at  all  times 
equally  pathogenic.  The  pathogenicity  of  a  microorganism  as 
stated  above  is  determined  equally  by  the  environment  or  host  of 
the  bacterial  cell  and  by  the  inherent  nature  of  the  organism  it- 
self. The  authors  are  therefore  presenting  this  new  concept  that 
Ph.  tahaci  and  Ps.  fluorescens  are  identical  inherently  and  that 
the  harmless,  relatively  avirulent  organism  Ps.  fluorescens  under 
suitable  conditions  can  readily  increase  in  virulence  until  it  pos- 
sesses all  the  characteristics  of  the  pathogen  known  as  Ph.  tabaci. 
Pseudomonas  fluorescens  therefore  is  considered  a  potential  haz- 
ard in  that  under  suitable  environmental  conditions,  this  form 
builds  a  characteristic  polysaccharide  material  which  makes  it 
similar  in  all  respects  to  Ph.  tahaci. 

The  poor  titres  obtained  with  cells  of  Pseudonfionas  fluorescens 
353,  table  4,  in  agglutination  tests  using  antisera  prepared  against 
Pseudomonas  fluorescens  204  and  Phytomonas  tahaci  BB  led  to  a 
further  investigation  of  this  strain.  This  culture,  353,  was  used  as  an 
antigen  in  animal  inoculation  and  the  antiserum  obtained  was 
tested  against  cells  of  Pseudomonas  fluorescens  204  and  found 
to  react  well,  1  to  6400,  although  cells  of  353  agglutinated  only  in 
dilutions  of  1  to  50  and  1  to  100  in  antiserum  prepared  against  204. 
Two  attempts  were  made  to  change  the  antigenic  structure  of  353. 
One  transfer  of  353  in  nutrient  broth  containing  10  per  cent  of 
homologous  immune  serum  resulted  in  cells  which  reacted  with 
204  antiserum  in  a  dilution  of  1  to  6400.  Five  serial  transfers  in 
tobacco  extract  broth  resulted  in  cells  of  strain  353  which  reacted 
with  204  antiserum  in  a  dilution  of  1  to  3200.  It  would  appear  that 
some  slight  capsular  difference  had  served  to  mask  the  antigenic 
similarity  of  353  to  other  members  of  the  group.  Table  10  shows 
this  in  tabular  form. 

That  similar  slight  antigenic  changes  constantly  occur  in  nature 
is  suggested  by  a  study  of  members  of  Pseudomonas  fluorescens 
isolated  at  frequent  intervals  from  growing  clover  representing 
young  to  mature  plants.  Agglutination  reactions  of  a  lew  of  these 
isolates  showing  the  general  trend  as  the  plant  approaches  ma- 
turity are  presented  in  table  11.  Culture  353  was  isolated  from  the 
fertile  soil  early  in  the  spring.  Culture  230  was  isolated  from  the 
epiphytic  flora  of  a  very  young  clover  plant.  Culture  248  was 
isolated  from  a  half  grown  clover  plant  and  cultures  204  and  504 
were  isolated  from  mature  plants. 
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Table  10.- 


-Effect  of  various  environmenlal  conditions  on  the  agglutin- 
ability  of  Pseudomonas  fluorescens. 


Ps.  FLUORESCENS  353 

Anti-serum  Dilutions 


Ps.  fluorescens  204 
Anti-serum  Dilutions 


Bacteria 


o     o     2     o 
♦       ooooQooco 

,       I 
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o      o     o    o 

oooo      o      ooog 

I  I  I  I  I  •  •  _!.         ' 


Ps.  fluorescens  204 
Ps.  fluorescens  353 


4t    44442-- 


444444442 


44444442 


4      2 


Ps.  fluorescens  353  ASt      444444431 


444444431 


Ps.  fluorescens 


353  TE§       4444442--44444442- 


*  Serum  dilutions— higher  dilutions  and  saline  controls  were  negative  _ 

t  Numbers  refer  to  degree  of  macroscopic  agglutmation.  4  =  complete,  1  -  siignt, 

-  =  negative. 

t  353  AS  =  after  growth  in  homologous  anti-serum. 
§  353  TE  =  after  growth  in  unheated  tobacco  extracts. 

Table  11  shows  that  the  antiserum  prepared  against  Phytomonas 
tahaci  BB  either  failed  to  react  or  at  best  reacted  only  to  a  slight 
degree  with  isolates  obtained  early  in  the  life  of  the  plant.  Week 
by  week  antigentic  similarity  became  more  pronounced  until  at 
the  end  of  the  season  the  typical  member  of  Pseudomonas  fluor- 
escens isolated  from  the  mature  plant  proved  antigenically  identi- 
cal with  Phytomonas  tabaci  BB  in  the  "M"  phase.  This  suggests 
that  the  capsular  antigenicity  of  Phytomonas  tabaci  is  a  reflection 
of  continued  reproduction  as  an  epiphyte. 

Table  11. Agglutination  reactions  of  progressive  isolations  from  clover 

of  Pseudomonas  fluorescens  with  anti-serum  of  Phytomonas  tabaci  BB. 


Serum 

Dilutions 
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Ps.  fluorescens  248 
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Ps.  fluorescens  204 
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4 
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Ps.  fluorescens  504 
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2 

•  Higher  dilutions  and  saline  control  were  negative. 

t  Numbers  refer  to  degree  of  macroscopic  agglutination,  4  =  complete.  1  =  slight, 

=  negative.  • 
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DISCUSSION  AND  APPLICATION  OF  RESULTS 

Practical  value  of  the  antigenic  identity  found  to  exist  between 
Ph.  tabaci  and  Ps.  fluorescens. —  In  view  of  the  results  previously 
obtained  showing  the  close  similarity  and  identity  of  Ph.  tabaci 
and  Ps.  fluorescens  it  was  realized  that  a  serological  method  was 
available  for  determining  the  presence  of  leafspot  organisms  in 
soils  and  on  normal  leaves  as  well  as  on  diseased  plants.  The  ag- 
glutination technique  described  under  the  section  on  methods  and 
as  employed  in  the  earlier  part  of  this  bulletin  was  used  to  detect 
the  presence  of  leafspot  bacteria  in  seedbed  soils  and  on  normal 
plants.  Such  a  method  can  be  readily  employed  in  detecting  the 
presence  of  leafspot  organisms  in  seedbed  soils  before  and  after 
steaming,  in  the  field  and  on  tobacco  and  other  plants  which  may 
not  be  diseased. 

Influence  of  steaming  on  microorganisms  in  tobacco  seedbeds. — 

Although  the  steaming  of  tobacco  seedbeds  has  been  recom- 
mended by  almost  every  writer  on  the  subject  as  a  means  of 
eliminating  wildfire  and  angular  leafspot  organisms  from  the  soil, 
there  has  been  found  in  the  literature  no  record  of  any  serious 
study  of  the  effects  of  soil  steaming  upon  these  organisms.  The 
authors  began  an  investigation  of  this  phase  of  the  subject  in  the 
spring  of  1937  in  cooperation  with  the  late  Otto  Olson  of  the  United 
States  Department  of  Agriculture  and  have  continued  this  study 
through  1938,  1939,  and  1940.  In  the  course  of  the  investigation  a 
large  number  of  soil  samples  and  seedlings  from  Lancaster  county 
seedbeds  were  collected  and  examined  for  bacteria  by  the  methods 
previously  described. 

Table  12  shows  the  numbers  of  bacteria,  fungi,  and  green 
fluorescent  organisms  obtained  per  gram  of  soil  and  the  presence 
of  wildfire  microorganisms  in  20  representative  soils  samples  col- 
lected in  April  and  May,  1940,  from  seedbeds  before  steaming. 

The  same  seedbeds  after  steaming  in  accordance  with  the  sani- 
tary recommendations  made  for  the  control  of  tobacco  wildfire 
were  again  examined.  Not  more  than  four  beds  represent  the  work 
of  one  operator.  The  results  of  the  bacteriological  analyses  of  the 
same  20  seedbeds  shown  in  table  12  after  steaming  are  shown  in 
table  13. 

It  is  shown  in  table  13  that  the  wildfire  organism  was  found  pres- 
ent in  all  20  seedbed  soils  following  the  steam  treatment.  This 
indicates  that  the  steaming  of  seedbed  soils  as  practiced  in  the  dis- 
trict does  not  result  in  sterilization  as  the  common  terminology, 
"seedbed  sterilization",  has  led  many  to  believe.  It  does  not  result 
in  the  destruction  of  certain  of  the  less  resistant  bacteria  and  con- 
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Table  12.— Numbers  of  microorganisms  in  Lancaster  county  seedbed  soils 

before  sleam  trealment. 


Organisms  per  Gram  of  Soil 


Farm 
Number 


Bacteria 


Fungi 


Green 

fluorescent 

bacteria 


Wildfire 
organisms 


1 

11,000,000 

2 

34,000,000 

3 

12,000,000 

4 

9,500,000 

5 

8,500,000 

6 

7,600,000 

7 

17,000,000 

8 

19,000,000 

9 

24,000,000 

10 

65,000,000 

11 

22,000,000 

12 

38,000,000 

13 

18,000,000 

14 

29,000,000 

15 

16,000,000 

16 

13,000,000 

17 

27,000,000 

18 

31,000,000 

19 

19,000,000 

20 

8,100,000 

45,000 
90,000 
47,000 
5,000 
22,000 

35,000 
41,000 
10,000 
85,000 
180,000 

90,000 
75,000 
34,000 
37,000 
21,000 

9,500 
23,000 
32,000 
16,000 
13,000 


100 

Present 

200 

Present 

50 

Present 

100 

Present 

10 

Present 

100 

Present 

50 

Present 

200 

Present 

100 

Present 

200 

Present 

100 

Present 

100 

Present 

100 

Present 

200 

Present 

50 

Present 

10 

Present 

100 

Present 

100 

Present 

50 

Present 

10 

Present 

sequently  can  not  be  compared  to  the  pasteurization  process  used 
in  dairy  and  food  industries.  The  data  supplied  in  table  13 
supports  the  observations  of  Chapman  and  Anderson  (4)  who  noted 
that  seedbed  steaming  had  either  little  or  no  relation  to  the  oc- 
currence of  wildfire  in  the  field.  Attention  is  directed  to  the  fact 
that  the  data  presented  in  table  13  represent  in  some  cases  analyses 
made  immediately  after  soil  steaming,  while  in  other  cases  the 
samoles  were  taken  several  days  following  steaming.  In  the  lat- 
ter instances  some  recontamination  of  the  bed  "^^y^^ave  occurred 
prior  to  sampling,  but  in  the  case  of  beds  on  farms  1,  2,  10,  11  and 
15  any  significant  recontamination  prior  to  sampling  appears  un- 

likslv. 

The  examination  of  more  than  200  seedbed  soils  failed  to  reveal 
a  single  case  in  which  steaming  resulted  in  the  absence  of  green 
fluirfscent  bacteria.  It  will  be  noted  that  in  those  cases  where 
sampling  was  done  immediately  following  steaming,  a  reduction 
inThe  number  of  these  organisms  was  found  to  have  taken  place 
durine  the  steam  treatment.  This  reduction,  however,  was  not 
S  enough  in  "lost  cases  to  suggest  that  complete  destruc  ion 
fouM  be  accomplished  by  any  reasonable  increase  in  the  duratx^^^^ 
of  the  treatment.  This  conclusion  was  substantiated  in  an  expen 


Table  13. —  Numbers  of  microorganisms  in  Lancaster  county  seedbed  soils 
following  steam  treatment;  analysis  of  the  same  seedbeds  as  were 

reported  in  table  12. 


Interval 
Between 

Organisms  pee 

[  Gram  of  Soil 

Steaming 

Green 

Farm 

AND 

fluorescent 

Wildfire 

Number 

Sampling 

Bacteria 

Fungi 

bacteria 

organisms 

1 

1  hour 

350,000 

60 

10 

Present 

2 

2  hours 

1,400,000 

175 

100 

Present 

3 

1  week 

1,500,000 

450 

200 

Present 

4 

2  weeks 

1,200,000 

200 

200 

Present 

5 

3  weeks 

2,100,000 

5,000 

200 

Present 

6 

3  weeks 

1,800,000 

40,000 

100 

Present 

7 

3  weeks 

3,900,000 

5,000 

100 

Present 

8 

3  weeks 

2,400,000 

200 

100 

Present 

9 

1  week 

3,100,000 

450 

200 

Present 

10 

1  day 

2,800,000 

300 

100 

Present 

11 

4  hours 

650,000 

70 

50 

Present 

12 

2  weeks 

9,500,000 

30,000 

'  200 

Present 

13 

3  weeks 

19,000,000 

70,000 

.      200 

Present 

14 

2  days 

2,600,000 

100 

50 

Present 

15 

2  hours 

970,000 

40 

10 

Present 

16 

4  days 

3,200,000 

800 

10 

Present 

17 

2  weeks 

11,000,000 

9,000 

200 

Present 

18 

2  days 

1,700,000 

200 

10 

Present 

19 

3  weeks 

9,400,000 

6,500 

100 

Present 

20 

2  weeks 

3,500,000 

5,900 

100 

Present 

mental  test.  Steaming  for  a  period  of  1  hour  failed  to  destroy  all 
green  fluorescent  organisms  in  the  upper  4  inches  of  soil. 

In  any  consideration  of  the  effects  of  steaming  it  should  be  borne 
in  mind  that  it  is  much  more  difficult  to  effect  destruction  of  micro- 
organisms in  a  heavy  clayey  soil  than  in  a  light  sandy  soil.  Con- 
sequently the  average  Lancaster  county  grower  could  not  expect 
the  destructive  effect  which  may  be  obtained  on  the  lighter  soils 
of  certain  other  tobacco  districts.  Even  the  reaction  of  the  soil 
of  Lancaster  seedbeds  is  unfavorable  from  the  standpoint  of  disin- 
fection. Acid  soils  are  more  easily  sterilized  than  are  natural 
soils  and  very  lew  seedbeds  have  been  found  in  the  Lancaster 
area  with  a  pH  value  below  6.8. 

Increase  in  bacterial  numbers  following  steaming. — Table  13 
shows  that  in  those  cases  in  which  the  second  samples  were  taken 
one  to  three  weeks  after  the  steam  treatment,  there  appears  to 
have  been  an  actual  increase  in  the  number  of  green  fluorescent 
bacteria  in  the  seedbed  soils.  In  order  to  determine  whether  such 
increases  in  the  number  of  microorganisms  was  a  characteristic 
change  following  steaming,  the  seedbeds  of  six  Lancaster  county 
farms  were  examined  over  a  7-week  interval  of  time  for  bacteria, 
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fungi,  and  the  presence  of  green  fluorescent  forms.  From  10  to  30 
isolations  of  green  fluorescent  bacteria  were  made  from  each  seed- 
bed sample,  and  by  means  of  the  agglutination  test,  using  antisera 
prepared  with  known  strains  of  the  wildfire  organism,  the  per- 
centage of  this  type  of  green  fluorescent  bacteria  was  determined. 
The  data  are  presented  in  table  14. 

Table  14.— Results  of  inlerval  examination  of  six  typical  seedbeds  in 

Lancaster  county.  


Organisms  per  Gram  of  Soil 


Farm      Sampling 
Number        Date 


Bacteria 


Fungi 


Green     Wildfire 
fluorescent  organ- 
bacteria      isms* 


3 


6 


April  17 
May  16 
June  4 

April  17 
May  16 
June  4 

April  17 
May  16 
June  4 

April  17 
May  16 
June  4 

April  17 
May  16 
June  4 

April  17 
May  16 
June  4 


number 

1,800,000 
138,000,000 
670,000,000 

3,900,000 
110,000,000 
980,000,000 

3,000,000 

110,000,000 

1,200,000,000 

19,000,000 
105,000,000 
430,000,000 

2,400,000 
115,000,000 
900,000,000 

650,000 
240,000,000 
870,000,000 


number 

40,000 
95,000 
80,000 

5,000 
70,000 
40,000 

450 

30,000 

400,000 

25,000 

40,000 

3,000 

200 

4,000 

30,000 

60 
55,000 
38,000 


number 

100 
200 
200 

100 
200 
200 

50 

100 
200 

100 
100 
200 

50 

100 

10 

200 
100 


per  cent 

17 
33 
70 

10 

67 
82 

20 
17 
45 

40 
55 
75 

15 
10 
30 

50 
17 
60 


•  Wildfire  organisms  present  exoressed  as  percentages  of  Isolations  of  /reen-fluor- 
escent  bacteria  found  identical  with  the  wildfire  organism  on  the  basis  of  serological 
tests. 

It  is  to  be  noted  in  table  14  that  during  the  period  of  seven  weeks 
intervening  between  the  first  and  third  samplings,  there  was  a 
considerable  increase  in  both  bacteria  and  fungi.  Among  the  types 
of  bacteria  taking  part  in  this  reproduction  were  the  green  fluores- 
cent organisms.  Of  more  importance,  however,  the  data  indicates 
an  increase  in  that  part  of  the  green  fluorescent  flora  that  is  as- 
sociated with  the  bacterial  leafspots  of  tobacco.  These  data  show 
that  not  only  are  there  more  green  fluorescent  bacteria  in  the 
typical  steamed  seedbed  some  seven  weeks  after  seeding  than  are 
present  at  the  time  of  seeding  but  that  the  percentage  of  these  or- 
ganisms which  can  be  identified  as  wildfire  or  angular  leafspot 
bacteria  actually  increases  during  this  period.  These  data  may 
serve  to  explain  the  observations  of  Clinton  and  McCormick  (6) 
that  steamed  beds  had  a  greater  amount  of  wildfire  than  unsteamed 
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beds.  Inasmuch  as  all  of  these  beds  contained  seedling  tobacco, 
the  possibility  exists  that  this  reproduction  may  have  taken  place 
on  the  plants  rather  than  in  the  soil  and  that  the  organisms  were 
washed  into  the  soil  in  the  watering  of  the  beds.  Other  experi- 
mental evidence,  however,  indicates  that  at  least  a  part  of  this  in- 
crease in  numbers  of  leafspot  organisms  actually  took  place  in  the 
soil  as  a  substrate.  Well-manured  soil  was  placed  in  pots  and 
steamed  for  20  minutes.  Following  this  heat  treatment  the  wild- 
fire organism  was  added  and  counts  were  made  at  intervals  over 
a  period  of  three  weeks,  using  the  same  methods  employed  pre- 
viously. No  crop  was  grown  in  this  experiment  but  the  results 
showed  that  an  actual  increase  in  numbers  of  the  wildfire  organism 
had  occurred  during  the  three  weeks  period,  although  many  spore- 
formers  and  other  microorganisms  were  present  as  competitors. 

It  is  worthy  of  note  in  connection  with  the  data  presented  in 
table  14  that  bordeaux  mixture  was  used  at  intervals  on  all  six 
beds. 

It  may  be  concluded  therefore  that  the  mere  presence  of  the 
leafspot  organism  in  seedbed  soils  has  not  been  the  determining 
factor  leading  to  wildfire  and  that  some  other  factor  or  factors  have 
been  responsible  for  the  occurrence  of  leafspot  diseases  of  tobacco. 

Bacterial  flora  of  the  tobacco  plant.— During  the  course  of  this 
study  the  bacterial  flora  of  hundreds  of  tobacco  samples  from  both 
the  seedbed  and  the  field  was  determined.  Data  collected  in  1937 
did  not  include  serological  analyses  of  the  green  fluorescent  bac- 
teria encountered  on  the  plant.  Beginning  in  1938,  however,  the 
green  fluorescent  isolates  obtained  from  such  plant  material  were 
subjected  to  agglutination  studies  and  the  percentages  of  leaf- 
spot  organisms  were  determined.  A  summary  of  the  data  obtained 
showing  the  incidence  of  the  types  of  microorganisms  encountered 
is  shown  in  table  15. 

It  is  to  be  noted  in  table  15  that  the  three  gram-positive  types 
encountered  appear  to  compose  a  very  stable  portion  of  the  bac- 
terial flora  of  the  leaf,  while  the  gram-negative  types,  on  the  other 
hand,  were  found  to  vary  considerably.  The  leafspot  organisms 
formed  a  portion  of  the  normal  flora  of  almost  all  tobacco  plants. 

It  was  found  that  the  percentages  of  leafspot  organisms  in  the 
green  fluorescent  flora  may  vary  from  0  to  100  per  gram  in  the 
case  of  very  young  plants,  but  that  during  the  course  of  the  growing 
season  the  percentages  rise  steadily  until  practically  all  green 
fluorescent  organisms  on  a  plant  in  the  latter  part  of  the  season 
may  be  wildfire  and  angular  leafspot  in  nature.  This  increase  was 
found  to  be  directly  associated  with  the  extent  of  the  reproduction 
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Table  15. — Bacterial  flora  of  Pennsylvania  tobacco  in  seedbed  and  field. 


Type  of  Bacteria 


Stability  of     Numbers  Usually 
Population      Found  per  Gram 


Stable 

Less  than  10,000 

Stable 

,  Less  than  10,000 

Stable 

Less  than  75,000 

Variable 

From   less   than 
1,000  to  more 
than  1,000,000 

Variable 

From   very   few 
to  several  mil- 
lion 

Variable 

From  a  few 
thousand  to  a 
few  million 

Variable 

From  very  few 
to  20,000,000 

Cocci,   gram-positive,   both   chro- 
mogenic  and  non-chromogenic 

Rods,    gram-positive,    non-spore- 
forming 

Rods,  gram-positive,  spore- 
forming 

Rods,    gram-negative,    non    chro- 
mogenic 

Rods  gram-negative,  pink  pig- 
ment 

Rods,  gram-negative,  yellow  pig- 
ment 

Rods,  gram-negative,  green-fluo- 
rescent pigment 


of  the  green  fluorescent  bacteria  on  the  plant.  In  other  words,  the 
greater  the  number  of  generations  of  green  fluorescent  bacteria 
upon  the  plant,  the  greater  is  the  percentage  of  forms  which  can 
be  identified  as  leafspot  organisms.  Upon  the  aerial  portions  of 
these  plants,  the  leafspot  organisms  reproduce  in  accordance  with 
climatic  conditions  and  host  nutrition,  and  only  under  conditions 
of  lowered  host  resistance  does  the  association  become  detrimental 
to  the  green  plant.  At  such  times  the  green  fluorescent  forms 
fluctuate  in  number.  The  conditions  which  were  associated  with 
this  fluctuation  are  shown  in  table  16. 

Table.  16  shows  that  if  the  relative  humidity  has  been  low,  as  is 
often  the  case  in  the  summer,  the  bacterial  population  of  tobacco 
leaves  will  usually  be  found  to  be  less  than  100,000  per  gram,  with 
the  stable  gram-positive  portion  of  the  flora  comprising  the 
greater  part  of  the  count.  Under  such  conditions  it  is  often  neces- 
sary to  utilize  enrichment  cultivation  on  selective  media  to  dem- 
onstrate the  presence  of  the  gram-negative  types.  On  the  other 
hand,  high  relative  humidity  in  seedbed  or  field  is  followed  by  a 
rapid  rise  in  the  gram-negative  flora  of  the  leaf.  The  particular 
type  or  types  of  gram-negative  bacteria  which  reproduce  most 
abundantly  under  such  conditions  appears  to  depend  upon  the 
nutrition  and  physiology  of  the  tobacco  plant.  Under  satisfactory 
conditions  of  nutrition  and  environment,  saccharolytic  yellow  rods 
play  the  major  role  in  this  gram-negative  development,  while  un- 
der conditions  of  high  nitrogen  nutrition,  proteolytic  yellow  rods 


Bulletin  422 — Bacterial  Leafspots  of  Tobacco 


31 


Table  16. — Factors  associated  with  the  relative  numbers  of  the  several 
types  of  organisms  which  comprise  the  normal  flora  of  the  growing 

tobacco  plant. 


Type   of 
Bacteria 


Gram-positive 
organisms, 
rods  and  cocci 


Gram  negative 
rods,  non- 
chromogenic 


Gram -negative 
rods,  pink  pig- 
ment 

Gram-negative 
yellow  pig- 
ment (a)  Sac- 
charolytic 
type 

(b)  Proteolytic 
type 


Gram-negative 
rods,  green 
fluorescent 
pigment 


General  Remarks 


Conditions  Associated 
WITH  Dominance 


Dominant  type  in  cases  of 
counts  below  100,000 
per  gram.  Presence 
demonstrated  by  desic- 
cation of  sample  in 
cases  of  counts  much 
above  100,000. 

Inclildes  representatives 
of  Proteus,  Aerohacter, 
and  Achromohacter.  A 
few  can  be  demonstrat- 
ed on  most  samples. 
Rarely  dominant  on 
Pennsylvania  tobacco. 

Can  usually  be  demon- 
strated on  Pennsyl- 
vania tobacco  but  rare- 
ly in  large  numbers. 

These  peritrichic  rods  can 
be  demonstrated  on  any 
tobacco  of  good  quality 
and  when  dominant  the 
counts  range  from  100,- 
000  to  1,000,000. 

These  monotrichic  rods 
can  be  demonstrated  on 
most  tobacco.  When 
dominant  the  counts 
range  from  500,000  to 
3,000,000 

These  lophotrichic  rods 
can  be  found  on  almost 
all  samples  of  growing 
tobacco.  When  domi- 
nant the  counts  range 
from  500,000  to  20,000,- 
000.  High  counts  often 
associated  with  high 
counts  of  proteolytic 
yellow  rods  and  non- 
chromogenic  gram- 
negative  rods. 


The  characteristic  flora  of 
tobacco  following  peri- 
ods of  low  humidity. 


The  characteristic  flora  of 
a  certain  type  of  tobac- 
co not  grown  in  Penn- 
sylvania. Found  on 
some  Pennsylvania  to- 
bacco following  periods 
of  high  humidity. 

Characteristic  of  certain 
inferior  tobaccos  of  the 
flue-cured  type. 

This  is  the  typical  flora  of 
good  tobacco  of  most 
types  following  peri- 
ods of  moderate  to  high 
humidity. 

This  is  characteristic  of 
certain  tobacco  with 
unbalanced  nutrition 
following  periods  of 
high  humidity. 

This  is  the  typical  flora  of 
tobacco  with  high  ni- 
trogen and  low  potas- 
sium uptake  following 
periods  of  moderate  to 
high  humidity. 


and  green  fluorescent  bacteria  reproduce  so  rapidly  as  to  obscure 
the  other  forms.  A  violent  upset  of  the  microbial  equilibrium  in  the 
direction  of  either  proteolytic  yellow  or  green  fluorescent  forms 
was  found  by  the  authors  to  be  indicative  of  unfavorable  environ- 
mental conditions  in  the  seedbed  or  the  field. 
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Among  the  agricultural  plants  subjected  to  study  by  the  authors 
in  their  efforts  to  establish  the  nature  of  the  normal  bacterial  flora 
of  living  plants,  red  clover  received  considerable  attention.  From 
the  first  it  was  apparent  that  the  flora  of  the  normal  red  clover 
plant  closely  resembles  the  flora  of  the  normal  tobacco  plant.  The 
same  stable  population  of  gram-positive  organisms  was  found 
present;  the  same  saccharolytic  yellow  rods  flourished  m  periods 
of  moderate  to  high  humidity.   More  important  from  the  stand- 
point of  this  research,  green  fluorescent  rods  were  found  to  be  a 
normal  part  of  the  flora  of  the  clover  plant  and  were  found  to  ap- 
pear in  great  numbers  under  conditions  similar  to  those  inciting 
such  reproduction  on  the  tobacco  plant.   Most  important  of  all, 
however,  it  was  found  that  this  green  fluorescent  flora  of  mature 
clover  plants  could  be  identified  as  the  organisms  of  wildfire  and 
angular  leafspot,  while  on  the  other  hand  the  green  fluorescent 
flora  of  very  young  clover  proved  serologically  different  from 
known  wildfire  and  angular  leafspot  bacteria.  In  other  words  the 
antigenic  nature  of  isolates  from  young  clover  was  found  to  be 
quite  different  from  that  of  the  leafspot  organisms,  while  the  anti- 
genic nature  of  isolates  from  old  clover  proved  identical  to  that  of 
the  leafspot  organisms. 

In  order  to  determine  whether  the  microorganisms  of  leafspot 
diseases  could  survive  as  free  living  forms  in  the  soil,  their  ability 
to  utilize  various  simple  substrates  to  meet  their  nutritional  re- 
quirements was  examined.  Four  known  cultures  associated  with 
wildfire  and  angular  leafspot,  1.  Ph  tahaci  No.  591i;  2.  Ph.  tahaci 
No  12-3  Ph.  tabaci  No.  532;  and  4.  Ph.  angulatum  No.  410,  were 
inoculated  into  seven  simple  culture  media.  The  ability  of  these 
organisms  to  grow  upon  repeated  subculture  in  these  media  is 
shown  in  table  17. 

Table  17  shows  that  all  four  leafspot  organisms  were  able  to 
grow  on  these  seven  substrates  with  the  exception  of  the  nitrated 
coal  medium.  Very  few  disease  causing  organisms  possess  the 
ability  to  grow  on  such  simple  substrates.  This  fact  emphasizes  the 
unusual  ability  of  the  green  fluorescent  bacteria  associated  with 
leafspot  disturbances  to  grow  readily  in  an  environment  less  suit- 
able than  is  commonly  encountered  in  the  soil.  These  data  also  in- 
dicate that  leafspot  organisms  could  readily  live  from  year  to  year 
in  soil  even  in  the  absence  of  tobacco  refuse. 

The  evidence  presented  indicates  that  the  organisms  of  wild- 
fire and  angular  leafspot  are  widely  distributed  in  nature  and  oc- 
cur normally  on  many  plants  as  harmless  saprophytes. 

1  The  authors  wish  to  express  their  thanks  to  W    S.  Beach  for  cultures  No.  591  and 
No   12!  EE  Clayton  for  culture  No.  532  and  J.  Johnson  for  No.  410. 
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Table  17.— Growlh  of  wildfire  and  angular  leaf  spol  organisms  on  various 

substrates. 


Organism 


Substrate 


Wildfire      Wildfire       Wildfire 
No.  591  No.  12         No.  532 


Angular 

Leaf  spot 

No.  410 


Glucose-asparagin 
mineral  salts 

Glucose  -  ammonium 
sulfate -mineral  salts 

Asparagin-mineral  salts 

Malic  acid-ammonium 
sulfate-mineral  salts 

Succinic  acid-  ammonium 
sulfate-mineral  salts 

Crude  petroleum-ammonium 
sulfate-mineral  salts 

Nitrated  Coal  solution- 
ammonium  sulfate- 
mineral  salts 


Excellent 

Excellent 

Excellent 

Excellent 

Good 

Excellent 

Fair 
Good 

Good 
Excellent 

Good 
Good 

Good 

Good 

Good  X 

Good 

Good 

Fair 

Good 

Fair 

Fair 

Poor 

Fair 

Fair 

Fair 


None 


Poor 


Poor 


ANTIGENIC    RELATIONSHIPS 

The  results  of  these  investigations  have  demonstrated  that  the 
leafspot  organism  is  always  present  in  soil  and  that  Phytomonas 
tahaci  is  identical  morphologically,  culturally,  and  serologically 
with  the  common  soil  form  Pseudomonas  fluorescens.  This  is  a 
new  concept  in  that  it  was  formerly  held  that  Phytomonas  tabaci 
was  a  parasitic  form  which  did  not  live  independently  of  its  host 
and  survived  over  winter  in  tobacco  sheds  on  old  tobacco,  etc. 
The  complete  reciprocal  agglutinin  absorption  which  was  demon- 
strated in  both  the  Dawson  "M"  and  "S"  phases  between  culture 
BBF  a  virulent  culture  of  Phytomonas  tabaci  and  Pseudomonas 
fluorescens  204D  a  common  soil  bacterium  leaves  little  if  an> 
doubt,  that  the  two  forms  are  identical.  The  value  of  serological 
analyses  in  showing  species  relations  as  well  as  the  alteration  oc- 
curring in  virulence  and  antigenic  characters  in  bacterial  varia- 
tion is  well  established. 

The  question  naturally  arises  as  to  how  a  normal  soil  bacterium 
such  as  Pseudomonas  fluorescens  will  suddenly  become  involved 
in  a  disease  which  spreads  so  rapidly  that  the  name,  wildfire  ac- 
curately describes  it.  The  question  may  be  answered  by  a  con- 
sideration of  the  ecological  relation  existing  between  the  tobacco 
plant  and  the  bacterium.  In  nature  it  is  characteristic  that  an  ap- 
proximately balanced  condition  exists  between  contending  species. 
Such  a  balance  is  apparent  in  healthy  tobacco  where  leafspot  or- 
ganisms are  present  on  the  leaf  in  fairly  large  numbers,  as  well  as 
being  present  in  the  soil.  Any  factor  which  disturbs  this  balance 
could  lead  to  an  altered  relationship  between  the  plant  and  its 
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normal  bacterial  flora.  Such  disturbances  with  resulting  leafspot 
troubles  were  recognized  and  described  long  before  the  serious 
disease  outbreaks  of  1917  (13  and  15).  The  relationship  of  such  dis- 
turbances to  leafspot  diseases  were  emphasized  by  investigators 
of  the  1917  epidemics  (8  and  23).  Similar  findings  of  the  authors  of 
this  paper  will  appear  in  subsequent  publications. 

Although  these  studies  indicate  that  the  peculiar  antigenic  com- 
ponents which  characterized  the  "M"  phase  of  Phytomonas  tahaci 
are  enhanced  by  reproduction  of  the  organism  as  a  plant  epiphyte, 
these  studies  do  not  indicate  that  such  progressive  changes  in  the 
nature  of  the  organism  lead  to  a  degree  of  virulence  capable  of 
overcoming  the  resistance  of  a  normal  plant.  Strain  80  used  in 
this  experimental  work  was  isolated  from  a  normal,  healthy,  tobac- 
co plant  which  showed  no  evidence  of  disease  at  any  time  during 
the  season  although  other  plants  grown  under  less  favorable  con- 
ditions in  nearby  plots  were  seriously  damaged.  Strain  80,  it  may 
be  added,  was  found  to  be  more  virulent  on  a  susceptible  host  than 
any  strain  procured  from  other  investigators. 

These  studies  have  shown  not  only  the  very  close  relationship 
that  exists  between  Phytomonas  tahaci  and  Pseudomonas  fluores- 
cens  but  also  that  there  is  little  if  any  distinction  between  other 
plant  pathogens  such  as  Ph.  primulae,  Ph.  cerasi,  Ph.  vignae,  Ph. 
syringae,  and  Pseudomonas  fluorescens.  The  demonstration  of  the 
relationship  between  these  numerous  forms  indicates  the  fallacy 
of  considering  and  naming  an  organism  a  distinct  species  because 
of  its  ability  to  attack  different  hosts.  Such  a  procedure  is  not  fol- 
lowed with  tuberculosis  bacteria.  Cattle,  hogs,  man,  and  fowl  are 
all  susceptible  to  tuberculosis  but  the  organisms  causing  the  dis- 
ease in  these  four  different  animal  groups  are  recognized  as  being 
practically  identical. 

SUMMARY 

In  a  study  of  a  large  number  of  green  fluorescent  gram-negative 
bacteria  isolated  from  seedbed  soils  as  well  as  plant  material  from 
seedbed  and  field  which  were  compared  with  known  cultures,  the 
authors  feel  that  the  following  conclusions  are  warranted  at  this 
time  from  the  data  obtained: 

1.  An  extensive  serological  study  employing  single-cell  isola- 
tions indicates  that  the  organism  associated  with  the  leaf- 
spot  disease  known  as  wildfire  is  identical  antigenically 
with  the  common  saprophyte,  Pseudomonas  fluorescens. 

2.  From  serological  studies  it  is  concluded  that  Phytomonas 
angulata,  Ph.  primulae  and  Ph.  cerasi  are  also  identical  with 
the  saprophyte  Pseudomonas  fluorescens.    Due  to  the  in- 


ability to  maintain  cultures  of  Phytomonas  vignae  and  Ph. 
syringae  in  the  "S"  phase,  it  has  not  been  possible  to  show 
the  identity  of  these  with  Pseudomonas  fluorescens.  but  the 
data  obtained  suggest  the  possibility  of  such  identity. 

3.  A  study  of  the  transformation  of  the  capsular  antigenicity 
of  Pseudomonas  fluorescens  on  normal  clover  plants  per- 
mits the  conclusion  that  the  antigenic  specificity  of  the  wild- 
fire organism  in  the  "M"  phase  is  a  refiection  of  capsular 
changes  occurring  during  the  reproduction  of  the  organ- 
ism as  a  harmless  epiphyte. 

4.  Seedbed  steaming  as  practiced  in  Lancaster  county  does 
not  result  in  the  elimination  of  the  bacteria  associated  with 
the  leafspot  diseases  of  tobacco.  On  the  contrary  these  or- 
ganisms are  more  prevalent  following  steaming  than  im- 
mediately prior  thereto. 

5.  Tobacco  in  the  Lancaster  area  is  produced  as  a  rule  in  the 
presence  of  leafspot  organisms,  inasmuch  as  the  organisms 
associated  with  leafspot  diseases  have  been  found  in  all 
seedbeds  examined  and  on  most  plant  material  from  seed- 
bed and  field. 

6.  Inasmuch  as  the  organisms  have  been  found  on  most  nor- 
mal tobacco  as  well  as  on  diseased  plants,  the  appearance 
of  the  disease  can  not  be  attributed  to  the  mere  presence  of 
the  organisms  but  to  some  other  factor  or  factors. 
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Effect  of  aging  on  dislribution  of  sail  in  cured  hams.  Test  pieces 
were  cut  out  of  the  hams  as  shown  by  the  white  lines.  The 
figures  are  percentages  of  salt  in  the  samples  at  the  end  of  the 
26-day  cure  and  30  days  later. 
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Methods  of  Hastening  Absorption  of  Salt 

In  Farm-cured  Ham* 

p.  T.  Zeigler,  and  R.  C.  MiLLERf 

THE  primary  purpose  of  quick  ham  curing  is  to  hasten  intro- 
duction of  salt  into  all  of  the  cell  tissues  to  eliminate  spoilage 
as  a  result  of  souring.  Other  benefits  of  economic  importance  are 
quicker  turnover  and  less  shrinkage.  The  palatability  of  short- 
cure  products  as  compared  to  longer-cure  is  a  matter  of  personal 
opinion.  Short  cures  do  not  permit  enzyme  action  to  develop 
flavors  that  some  people  value  highly  in  cured  pork.  However, 
subsequent  ageing  of  the  ham  will  bring  these  about,  providmg 
the  salt  content  is  sufficiently  high  to  carry  the  ham  through  such 
a  period.  Packers  are  frank  to  admit  that  "quickies"  (short-cure 
hams)  should  be  used  within  three  months. 

The  experimentation  herein  reported  was  conducted  to  deter- 
mine the  procedure  that  the  farmer  might  follow  successfully,  in 
not  only  hastening  the  cure,  but  in  preserving  the  fresh  product 
for  future  curing.  This  work  supplements  previous  curmg  work 
reported  in  Bulletin  355,  "Rate  of  Salt  Absorption  in  Curmg  Pork." 

EXPERIMENTAL    PROCEDURE 

The  curing  formula  employed  was  8  pounds  of  salt,  3  pounds  of 
granulated,  brown  sugar  or  cerelose,  and  3  ounces  of  saltpeter 
(KNO3)  When  dissolved  in  4  gallons  of  water  this  formula  pro- 
duces pickle  of  approximately  85°  salinity  and  in  5  gallons  of  water 
about  75°  salinity  as  measured  by  a  salimeter.  Sodium  nitritQ 
(NaNOa)  which  is  commonly  used  to  replace  a  small  part  of  the 
saltpeter  (KNO3)  or  sodium  nitrate  (NaNOs)  in  producing 
"quickies"  was  not  used  in  these  experiments  because  artery  curing 
is  a  method  that  has  not  yet  been  adapted  to  the  farm  curing  of 

^^Whenever  possible,  both  the  right  and  left  hams  from  the  same 
hog  were  used,  and  the  measurement  for  thickness  of  each  was 
taken  through  the  cushion  directly  behind  the  aitch  bone. 

T^^fSif^AnSJiafHuiZn^/y"  Professor  of  Agricultural  ana  Bio- 

logical  Chemistry,  respectively. 
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Each  ham  was  sampled  by  removing  a  slice  1  inch  thick  directly 
back  of  the  aitch  bone  at  the  same  location  that  the  measurement 
was  taken.  A  piece  3  inches  wide  was  removed  from  the  center 
of  this  cut  and  divided  into  five  equal  horizontal  sections  for  salt 
analysis,  fig.  1.  The  sample  from  the  outside  was  designated  as 
subsample  1  and  the  sample  from  the  aitch  bone  side  or  inside  as 
subsample  5.  The  amount  of  salt  present  in  each  subsample  was 
calculated  from  the  chlorine  content,  determined  by  the  wet- 
digestion  method  used  by  Davis,  supplemented  in  many  cases  by 
readings  made  on  a  Meg  Salinity  Tester. 

It  might  not  be  amiss  to  explain  why  all  these  tests  have  been 
conducted  with  the  75°  and  85°  pickles  which  are  considered  strong 
pickles  by  the  pork  packing  industry.  The  conditions  for  handhng 
and  curing  pork,  from  the  standpoints  of  bleed,  rapidity  of  dressmg, 
chilling,  and  controlled  refrigeration  and  cellar  temperatures 
permit  the  use  of  the  weaker  curing  pickles  in  packing  plants.  The 
conditions  that  exist  on  many  farms  require  stronger  pickles  for 
safe  curing  and  even  these  are  not  always  effective  because  of 
certain  factors,  such  as  improper  bleeding,  unclean  or  contam- 
inated curing  vessels,  the  use  of  low  grade  salt,  and  high  curing 
cellar  temperatures. 


Fig   1  —The  progress  of  the  distribution  of  salt  in  ham  is  indicated  by 
the  analysis  of  test  pieces  taken  through  the  thickest  portion  as  indicated 

in  this  diagram. 
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CURING  SHARP  FROZEN  HAMS 

The  establishment  of  freezer  locker  plants  throughout  the  United 
States  has  supplied  the  farmer  with  a  means  of  preservation 
hitherto  unavailable.  The  advisability  of  using  sharp  frozen  and 
locker  stored  hams  for  curing  purposes  was  one  of  the  problems 
presented. 

To  determine  the  rate  of  salt  penetration  and  the  palatabiUty 
and  keeping  qualities  of  hams  which  had  been  sharp  frozen,  a  test 
was  made  on  64  hams  which  had  been  frozen  at  -10°  Fahrenheit 
and  held  at  0°  F  for  from  1  to  8  weeks.  These  were  divided  into  4 
groups  of  16  hams  each  and  received  the  following  treatment: 

Group  I;  thawed  before  curing  in  85°  pickle.— This  group  was 
divided  into  four  groups  of  four  hams  each  which  were  cured  in  an 
85°  pickle  for  periods  of  6,  7,  8,  and  9  days,  respectively,  for  each 
inch  of  thickness  measured  through  the  cushion  of  the  ham. 

Group  11;  placed  in  85'  pickle  without  thawing.— This  group  was 
divided  as  in  Group  I  but  the  sub-groups  were  not  thawed  before 
being  placed  in  an  85°  pickle  and  cured  respectively  for  6,  7,  b, 
and  9  days  per  inch  of  thickness. 

Group  III;  thawed  and  placed  in  75'  pickle.— This  group  was 
divided  and  cured  as  in  Group  I. 

Group  IV;  placed  in  75'  pickle  without  thawing.— This  group  was 
divided  and  cured  as  in  Group  II. 

Table  l.-Percentages  of  salt  in  different  groups  of  hams    thawed  and 
unlhawed,  after  curing  for  various  lengths  of  time  in  85    pickle. 


Days 
Cured 

PER 

Inch 
Thick- 
ness 


6 

7 
8 

9 


Sample  Numbers; 
Thawed  Hams 


Sample  Numbers; 
Hams  Left  to  Thaw  in  Pickle 


per 
cent 

7.23 
7.76 
7.52 
9.75 


per 
cent 

10.88 
11.52 
15.03 
15.26 


per 
cent 

9.96 

9.81 

13.05 

13.90 


per 
cent 

16.83 
17.36 
19.29 
20.01 


per 
cent 

20.12 
21.05 
21.61 
21.75 


per 
cent 

5.67 
5.98 
6.02 
8.02 


per 
cent 

9.15 
10.22 
12.77 
13.62 


per 
cent 

7.27 

8.40 

10.76 

12.64 


per 
cent 

14.55 
15.14 
16.55 
17.83 


per 
cent 

20.7 
21.4 
20.9 
21.2 


The  hams  that  were  thawed  before  being  placed  m  cure  did  not 
absorb  salt  any  more  rapidly  than  the  hams  that  were  allowed  to 
?haw  in  the  pickle  when  the  thawing  period  was  taken  into  account. 
The  cooking  test  proved  the  8-  and  9-days-per-inch  cured  hams  to 
be  slightly  salty.  A  subsequent  test  of  similarly  cured  hams  showed 
that  a  cure  of  5  days  per  inch  gave  a  mild  cured  ham.  A  cure  of 
6  days  per  incS  of  unthawed  ham  in  85°  pickle  produced  a  very 

palatable  product. 
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Table  2. — Percenlages  of  salt  in  different  groups  of  hams,  thawed  and 
unthawed,  after  curing  for  various  lengths  of  time  in  75**  pickle. 


Days 

Cured 

PER 

Inch 
Thick- 
ness 


Sample  Nuivibers; 
Thawed  Hams 


Saiviple  Nuivibers; 
Hams  Left  to  Thaw  in  Pickle 


3 


5 


6 
7 
8 
9 


per 
cent 

2. .30 
3.72 
4.12 
4.79 


cent 

4.49 

9.19 

10.23 

12.50 


per 
cent 

4.43 

8.66 

9.95 

11.35 


per 
cent 

8.97 
12.45 
13.66 
17.52 


per 
cent 

15.64 
17.75 
18.29 
20.40 


per 
cent 

2.07 
3.26 
3.82 
4.36 


per 
cent 

4.38 

8.16 

9.33 

10.22 


per 
cent 

4.31 
7.50 
8.24 
8.89 


per 
cent 

7.99 
11.95 
12.87 
15.65 


per 
cent 

12.26 
13.73 
14.12 
16.50 


Analysis  of  a  well  flavored  ham  of  good  keeping  quality  shows 
the  following  salt  percentages:  5—12—12—14—14.  See  figure  1  for 
location  and  order  of  samples.  This  even  distribution  of  salt  is 
brought  about  by  ageing.  The  hams  cured  8  days  per  inch  in  the 
75°  pickle  were  the  most  desirable. 

The  freezing  of  the  hams  hastened  the  rate  of  cure  as  established 
and  reported  in  Bulletin  355  by  3  days  per  inch  of  thickness,  or 
about  h  day  per  pound. 

Table  3. — A  comparison  of  rate  of  cure  of  fresh  and  frozen  hams. 


Fresh 


Frozen 


75'  pickle 
85''  pickle 


days  per  inch 

11 
9 


days  per  inch 

8 
6 


Sample  hams  from  each  group  were  stored  in  a  room  averaging 
80°  F  for  the  three  summer  months  and,  except  for  the  develop- 
ment of  different  degrees  of  rancidity  in  the  fat,  all  held  well 
and  had  excellent  flavor.  The  color  was  uneven,  which  was  charac- 
teristic of  all  the  frozen  hams. 

PUMPING   AND   FREEZING 

A  group  of  8  hams  were  pumped  with  8  per  cent  of  their  weight 
of  85°  pickle  and  then  placed  in  a  freezer  locker  at  0°  F  for  2  weeks. 
At  the  end  of  this  period  they  were  placed  in  an  85°  pickle  without 
being  thawed.  The  temperature  of  the  curing  room  was  38'  F. 

Table  4. — Average  salt  percentages  of  8  pumped  hams  that  were  frozen 
and  placed  in  85*  pickle  without  being  thawed. 


Days  Cured  per 
Inch  Thickness 

Sample  Numbe 

RS 

4 

1 

per  cent 
6.81 

2 

3 

5 

5 

per  cent 
13.28 

per  cent 
11.47 

per  cent 
17.78 

per  cent 
18.79 
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The  hams  used  in  this  test  averaged  11  pounds  in  weight  and 
measured  4i  inches  in  thickness.  The  length  of  the  curing  period 
was  22  days  or  5  days  per  inch  and  was  figured  on  the  actual  time 
that  they  were  in  the  pickle. 

The  object  of  pumping  the  hams  and  then  freezing  them  was  to 
determine  the  effect  on  the  firmness  of  the  finished  product,  also 
the  effect  on  rate  of  cure  and  salt  equalization. 

The  hams  were  firm  but  not  any  more  tender  than  others  re- 
ceiving different  treatment.  The  process  lowered  the  period  of 
cure  (time  actually  in  the  pickle)  and  gave  a  salinity  similar  to  the 
frozen  hams  that  were  cured  8  days  per  inch. 


CURING  PUMPED  HAMS 

The  strength  of  the  pump  pickle  used  in  these  experiments  was 
the  same  as  the  cover  pickle.  A  standard  salimeter  was  used  to 
check  the  strengths  of  the  pickles  made  by  dissolving  the  8—3—3 
formula  in  4  gallons  of  water  (85°  pickle)  and  5  gallons  of  water 
(75°  pickle).  The  curing  room  temperature  was  38°  F. 

Six  separate  groups  of  hams  were  pumped  with  various  per- 
centages of  pickle  of  either  75°  or  85°  strength  and  cured  respec- 
tively, for  5,  6,  7,  and  9  days  per  inch  of  thickness. 

Group  L— These  hams  were  pumped  with  8  per  cent  of  their 
weight  of  85°  pickle  and  then  rubbed  with  4  ounce  of  8—3—3  curing 
mixture  per  pound  of  ham.  Two  rubbings  were  required  and  the 
hams  were  shelf  cured  at  the  rate  of  5  days  per  inch  of  thickness. 

Group  II.— These  hams  were  pumped  with  8  per  cent  of  their 
weight  of  85°  pickle  and  were  then  placed  in  a  cover  pickle  of  the 
same  strength  for  5  days  per  inch  of  thickness. 

Group  III.— Hams  in  this  group  were  treated  the  same  as  Group 
II  except  they  remained  in  cure  7  days  per  inch  of  thickness. 

Group  IV.— These  hams  received  only  3  per  cent  of  their  weight 
of  85°  pickle  and  were  placed  in  a  cover  pickle  of  the  same  strength 
for  a  period  of  9  days  per  inch  of  thickness. 

Group  v.— These  hams  received  5  per  cent  of  their  weight  of  85° 
pickle  and  were  placed  in  a  cover  pickle  of  the  same  strength  for 
a  period  of  6  days  per  inch  of  thickness. 

Group  VI.— These  hams  were  pumped  with  10  per  cent  of  their 
weight  of  75°  pickle  and  placed  in  a  cover  pickle  of  the  same 
strength  for  a  period  of  7  days  per  inch  of  thickness. 
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All  hams  in  the  six  groups  were  soaked  for  2  hours  in  tap  water 
and  smoked  at  a  temperature  rangmg  from  110  to  125  F  until 
thev  had  the  desired  amber  shade. 

One  week  later  samples  were  taken  and  analyzed  and  cooking 
tests  were  made  on  each  ham. 


Group 


Days  per 
Inch  in  Cure 


Sample  Number 
3 


Curing 
Flavor        Period 

(days  per  lb.) 


I 

II 
III 
IV 

V 
VI 


5 
5 
7 
9 
6 
7 


2.62 
4.24 
4.25 
6.22 
5.55 
4.43 


7.04 
12.65 
15.07 
14.07 
10.80 
10.48 


8.26 

11.05 

18.50 

13.04 

9.13 

8.77 


12.63 
15.37 
15.49 
15.86 
10.71 
13.76 


13.35 
15.87 
13.74 
20.12 
12.92 
15.39 


Mild 

Ideal 

High 

High 

Mild 

Ideal 


2 
2 
2 

ii 

2i 


V  X  •  ^ — 

pound  show  that  Group  II.  pumped  ^-'j" /,  f "™  t,V  ^'^j  Group 
of  85-  pickle  and  cured  2  days  per  pound  in  85    pickle,  arm  u       P 

VI.  puVd  with  10  P-.=-' "4Sr„:.?id  LredTnalaSy 
T^tlT/^jrUn  S IL  S^proSsI  successfully  cured 

^^™^'  CURING  UNCHILLED  HAMS 

The  ensuine  report  may  sound  rather  fantastic,  but  results  speak 

jSseTi.  |e  slT:;:J2ro.'r  SsTejs"^ 

?  ^F  the75erl'kin"nfd\rg^:en  a  thorough  rubbing  wW,  the 
8    3-3  curing  formula  and  some  of  the  cure  was  punched  into  the 

Eri^.e-pL'Sliesir^^^^^ 

S™  rfpr^inSfa^'  ^^  ^^ff  ~S 
period  of  7  days  per  inch  of  thickness  or  35  days  (5-mch  hams  14 

pounds)  or  2i  days  per  pound.  -  ,      .  ^  o  v,„„r-« 

At  the  end  of  35  days  they  were  soaked  in  tap  water  f or  2  hourj 
Th^y  were  then  allowed  to  dry  before  being  ^"^^^^^  _  Aiyour 
iney  wcic  f.vppllent  flavor  when  used,  but  naa  losx 

crs^rSleTe^M    ThtwS  appear  to  disprove  'he  necessity 
consider aDieweigi  recalled  that  salt  was  immediately  in- 

?  oredi  *e  hamtln?.  "lurther  proves  the  value  of  .he  dry 
sugar  cure  method  for  farm  conditions. 
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SUMMARY 

Sharp  frozen  hams  or  hams  frozen  in  freezer  lockers  at  O'F  to 
-10°F  and  held  in  storage  for  1  to  8  weeks  were  cured  in  3  days 
less  time  per  inch  of  thickness  or  i  day  less  per  pound  of  ham  than 
unfrozen  hams. 

It  was  not  found  necessary  to  thaw  hams  before  placing  them 
in  cure.  Allowing  frozen  hams  to  thaw  in  pickle  kept  down  the 
temperature  of  the  pickle  for  a  longer  period,  which  was  an  advan- 
tage where  there  was  no  means  of  controlhng  the  curing  cellar 
temperature. 

A  curing  period  of  6  days  per  inch  of  thickness  when  frozen  hams 
were  placed  in  an  85°  pickle,  and  5  days  per  inch  if  previously 
thawed  and  covered  with  a  85°  pickle,  gave  the  most  desirable 
salt  content.  This  was  the  equivalent  of  2  days  per  pound  of  ham. 
Hams  that  were  locker  frozen  and  then  cured  were  sound  and 
very  palatable  after  being  held  for  three  months  in  a  summer 
storage  (farm  conditions)  at  80°F. 

Forcing  the  pickle  into  the  center  of  the  ham  by  means  of  a  ham 
pump  reduced  the  curing  period  from  3  to  4  days  per  inch  of  thick- 
ness, or  about  f  to  1  day  per  pound  of  ham  when  they  were  pumped 
with  8  per  cent  of  their  own  weight  of  pickle. 

Hams  pumped  with  8  per  cent  of  their  weight  of  85°  pickle  and 
then  sharp  frozen  for  2  weeks  were  cured  in  a  cover  pickle  of  the 
same  strength  in  5  days  per  inch  of  ham  thickness,  or  1  day  per 
pound  of  ham  less  than  fresh  hams. 

When  hams  were  pumped  with  10  per  cent  of  their  weight  of  75° 
pickle  and  cured  in  a  cover  pickle  of  the  same  strength,  the  opti- 
mum curing  period  proved  to  be  7  days  per  inch  of  ham  thickness 
or  2i  days  per  pound  of  ham.  This  is  4  days  less  per  inch  of  ham 
than  is  necessary  for  unpumped  hams  cured  in  75°  pickle. 

Unchilled  hams  were  successfully  dry  sugar  cured  at  a  room 
temperature  of  65°F  in  35  days  or  7  days  per  inch  of  ham  thickness 
(2i  days  per  pound)  using  M  ounce  of  the  8—3—3  curing  formula 
per  pound  of  ham. 

TENDERIZED  HAM 

Although  these  experiments  did  not  include  work  on  artery  cur- 
ing, a  brief  description  of  the  packers'  methods  of  quick  curing 
and  tenderizing  hams  is  in  order.  Artery  curing  consists  of  forcing 
a  60°  pickle  into  the  femoral  artery  on  the  inside  and  butt  end  of 
the  ham  by  means  of  a  small  needle  attached  to  a  hose  and  con- 
nected to  a  pump  that  exerts  a  pressure  of  40  pounds.  The  ham  is 
placed  on  a  scale,  the  needle  is  inserted  into  the  artery  which  is 
held  tightly  over  the  needle,  and  10  per  cent  of  the  ham's  weight 


PENNSYLVAmAAGR^CUI^UR^l^PE?^^?^^^ 


8 

;n"^i^kl^^ed  into  the  arterial  d^^^^^^^^^ 

all  the  cell  tissue  with  the  P^^^le,  di  ut  ng  any  dio  ^^^ 

in  the  arteries,  and  effects  a  cure  ^^  ^^  to  ^5^jys  rega  ^^^  ^  ^^_ 

size  of  the  ham.  A  10-pound  ham  would  receive  J  ,  ^^^^  ^^^ 

pound  ham  14  P^^^f^^i^P^f^'^^^edia^^^^^^^^^^^  i^  already  placed 
quantity  necessary  to  aff^^^*  f  n  immeam  ^^^^^  ^^^^  .^ 

in  that  section  and  need  not  ^f  P^  ^f  f '  J  i^el^^  1  pound  of 

iircrv^tthS^^^^^ 

'  tlTral  types  of  tenderized  hams  un^^^^  ^h  Te! 

on  the  market.  These  .^^  ,  ome  and^^^'read^to  eat"  ham  which 
quires  further  cookmg  m  t^^^^"™.^:  ^^Ij,^  "^trLration.  The  hams 
can  be  consumed  with  ^^  ^^f  ^^^^^^fj'^^' ^^^^^^^  salt  and  are 

are  first  soaked  in  tap  water  to  ^^T^^^^f^^^^ut  24rours  to  smoke 
then  placed  in  a  smoke  house.  It  ^ff^^°^^^      jg  ^.s^ally   ac- 

^^'  n'dln^hte^l'gerD^^^^^^^  oj  ^^^ 

complished  m  three  stages,   i^u      f      .,  ^  heat  the  house 

r^rHi  Srarri^rt^rr    o=?ex:riis.ure  and  .here 

S  stage  wiSI,.  drafts  '^^'^-^^l^l^^^^lTurT:^. 

slice"  ham.  , 

TO  produce  "-dy^- -f^^id^at  S:^^^^^^^^^ 
■      ra^ThtrTfours  ^T^Mnte  which  is  founS  in  a  small  per^ 
^nt^eof  our  pork  su^^^^^^^^^^^^ 

T::^:S^lt2T.^7T^^^^^^    omy  a  smaH  loss  in  weight. 
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NUTRITIONAL  DEFICIENCIES  OF  A  CONCENTRATE 

MIXTURE  COMPOSED  OF  CORN,  TANKAGE, 

SOYBEAN  OILMEAL,  AND  ALFALFA  MEAL  FOR 

GROWING  PIGS' 

T  B  Keith,  R.  C.  Miller,  W.  T.  S.  Thorp,  and  M.  A.  McCarty 
Fennsylvmia  Agricultural  Experiment  Station 

TN  a  series  of  studies  dealing  with  the  protein  requirement  of  the  growing 
1  pig  conducted  during  the  past  five  years,  a  number  of  abnormal  condi- 
tions (uch  as  incoordination  and  lameness,  growth  failure,  vomiting,  diar- 
rhea nactivity,  anorexia,  and  a  mild  dermatitis)  have  been  encountered 
tS  report  deals  with  some  observations  on  certain  numbers  of  individual 
pigs  which  were  fed  in  an  effort  to  obtain  further  information  concerning 

these  disorders. 

Observations  on  Stiffness 

Among  the  disorders  was  a  type  of  stiffness  and  hmeness  which  was  en- 
countered with  pigs  that  had  gained  weight  unusually  fast.  These  pigs  were 
tartd  on  expenment  at  between  70  and  100  pounds  live  weight  and  were 
f^i  a  mixture'compnsed  of  corn,  tankage,  soybean  oilmeal,  sun-cured  ground 
alfalfa  hay,  and  salt.  All  rations  contained  4  per  cent  of  the  a  falfa  meal  The 
quan  ity  of  the  other  feeds  was  varied  to  furnish  rations  of  different  total 
Ltein  contents  as  desired.  The  percentage  of  tankage  was  varied  from  4  to 
Z  per  cent  of  the  ration.  Low  protein  bone  meal  tankage  and  55  per  cent 

^titrurrd'af  a-  ^time  the  pigs  reached  a  bc.y  ^  of 
150  pounds.  The  condition  was  at  first  characterised  by  a  slight  halting  of 
he  gait,  which  slowly  progressed  in  severity  until  it  was  only  with  diffi- 
culty that  the  pigs  could  rise  to  their  feet.  Their  behavior  indicated  that 
the  condition  was  painful.  Most  of  the  pigs  would  lie  down  contmually  and 
rfforcS  to  get  up  would  not  remain  standing.  Some  of  the  animals  woud  sit 
on  thet  bu  tocks  and  practically  all  of  the  severely  afflicted  would  walk  on 
the  r  knees  None  appeared  to  be  dizzy  or  showed  any  indication  of  a  lack 
S  Isclr  control^They  continued  to  gain  and  had  normal  appetites  and 
were  otherwise  thrifty  and  healthy.  Their  skins  were  clean  and  oily,  the 
rrwtsleek,  and  the  eyes  were  clear  and  appeared  normal  in  every  respect 

with  the  vision  unimpaired.  -^^  *.u^ 

Thirty  out  of  a  total  of  60  pigs  were  affected  with  stiffness.  During  the 

perioli  of  the  experiments,  9  of  the  unaffected  p.gs  did  not  attain  the  weight 

.  A.ho„.d  fo.  pubUcation  on  Novcn,be,  „.  „. ,  a,  pape,  No.  .06.  .n  the  Journa.  Series  of  the  Pennsylvania 
Agricultural  Experiment  Station,  State  College,  Pennsylvania, 
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of  150  pounds.  Hence,  it  may  be  said  that  30  out  of  51  pigs  which  attained  a 
weight  of  150  pounds  became  stiff. 

In  outward  appearance  the  condition  of  the  afflicted  individuals  closely 
resembled  rickets.  However,  the  condition  was  not  alleviated  or  affected  in 
any  way  by  the  administration  of  cod4iver  oil  or  irradiated  yeast.  Subse- 
quent  analysis  of  the  ulnae  and  radii  of  18  affected  pigs  showed  that  the 
mineral  content  of  these  bones  was  normal,  the  average  value  for  bone  ash 
being  58.92  per  cent  on  the  dry,  fat-free  basis.  Normal  values  were  also  ob^ 
tained  for  the  inorganic  phosphorus  content  of  the  blood.  However,  there 
were  certain  constantly  occurring  changes  observed  in  the  leg  bones  which 
indicated  abnormal  development.  Upon  gross  examination  the  distal  ex- 
tremity  of  the  radius  and  of  the  ulna  showed  enlargement.  Roentgenographs 
of  this  area  of  these  bones  indicate  that  there  was  an  increased  activity  of 
the  tissues  at  the  oesteochondral  junction,  this  area  being  definitely  enlarged, 
but  there  was  no  apparent  irregularity  of  the  zone  of  ossification  and  no 
other  changes  present  other  than  hypercalcification,  thus  differentiating  the 
condition  from  rickets.  The  occurrence  of  the  stiffness  was  first  noticed 
during  the  feeding  of  rations  which  had  relatively  high  mineral  contents, 
ranging  from  6  to  9  per  cent.  On  analysis,  these  rations  were  found  to  have 
low  manganese  contents  ranging  from  .001 1  to  .0014  per  cent. 

Manganese  sulphate  was  then  added  to  the  swine  rations  in  amounts  to 
supply  50-60  parts  per  million  of  manganese.  As  a  result,  15  pigs  which  re^ 
ceived  the  manganese  supplemented  rations  showed  no  signs  of  stiffness. 
Fifty  per  cent  of  litter  and  pen  mates  of  these  same  pigs  fed  the  unsupple- 
mented  rations  became  stiff.  However,  the  addition  of  manganese  to  the 
ration  was  ineffective  in  curing  stiffness  after  it  had  developed. 

Observations  on  Further  Deficiencies  of  the  Basal  Ration 

In  a  later  experiment,  unusual  cases  of  vomiting,  diarrhea,  anorexia, 
growth  failure,  and  ataxia  were  observed  in  a  group  of  10  pigs  fed  the  basal 
ration,  presented  in  table  I,  during  the  winter  of  1939.  Five  of  these  pigs 
were  fed  two^tenths  pound  of  manganese  sulphate  with  each  100  pounds  ot 
the  basal  ration,  the  rations  of  the  remaining  pigs  having  manganese  con- 
tents  of  .0011  to  .0014  per  cent.  These  pigs  were  smaller  and  younger  at  the 
beginning  of  the  feeding  test  than  those  used  in  the  previous  studies,  their 
initial  weights  ranging  from  26  to  40  pounds.  The  rate  of  gain  of  these  pigs 
was  very  slow  as  compared  to  those  showing  the  stiffness.  At  the  end  ot  70 
and  84  days,  respectively,  two  pigs  had  died.  One  of  these  pigs  had  lost  5 
pounds  and  the  other  had  lest  one  pound.  Both  individuals  had  had  severe 
spasms  of  vomiting,  nausea,  and  diarrhea,  they  huddled  together,  ate  very 
little,  a  mild  dermatitis  developed  and  small  lesions  were  present  on  their 
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face  and  legs.  These  pigs  were  properly  injected  with  nicotinic  acid  and 
were  fed  riboflavin  and  pyridoxine  with  no  beneficial  results. 

Four  of  these  pigs  were  fed  the  ration  for  a  period  of  147  days.  Abnormal 
conditions  were  evident,  but  not  serious.  Their  gains  were  subnormal, 
averaging  about  .5  pound  per  day.  Cod-liver  oil  and  nicotinic  acid  given  to 
two  of  these  pigs  failed  to  increase  the  rate  of  gain  or  to  improve  their 

""^  Another  pig  was  fed  100  grams  daily  of  vacuum  dried  pork  liver  meal  after 
having  a  loss  of  body  weight  of  5  pounds  for  the  first  98  days  of  feeding.  This 
pig  was  weak  and  had  all  of  the  afflictions  of  the  two  pigs  that  died.  After 
63  days  of  feeding  the  liver  supplement,  the  pig  had  gamed  53  pounds  and 
appeared  normal  in  every  respect. 

The  above  facts  indicate  that  the  basal  ration  was  deficient  m  one  or  more 
nutritional  factors  important  with  respect  to  growth,  normal  digestion, 
muscular  control,  and  normal  functioning  of  the  skin.  A  study  was  then 
outlined  to  give  further  information  concerning  the  observed  deficiencies. 

The  ration  used  contained  the  same  ingredients  in  similar  proportions  as 
those  used  in  the  manganese  studies,  table  i . 

Forty  pigs  were  selected  soon  after  weaning  at  ages  ranging  from  48  to 
60  days  and  weights  ranging  from  18  to  30  pounds. 

TABLE  ,. -CONCENTRATES  USED  IN  THE  BASAL  MIXTURES' 


Concentrates 

Basal 

Basal  ration  with  a  por- 

tion  of  tankage  replaced 

by  soybean  oilmeal 

Yellow  corn  (No.  2) 
Low  protein  tankage 
Soybean  oilmeal  (expeller) 
Ground  sun -cured  alfalfa 
Salt 

60.5^ 
4.0 

1 

60.5 

25.0 

10.0 

4.0 

•5 

.  All  pigs  were  fed  in  individual  stalls  on  concrete  floors  with  access  to  concrete  outside  runways. 
'^  Parts  per  loo  lbs. 

The  outline  of  the  treatments  was  as  follows : 

(i)  Basal  and  100  grams  of  yeast  daily.  At  the  end  of  56  days,  40  gamma 
of  beta  carotene  were  fed  each  day. 

(2)  Basal  and  40  gamma  of  beta  carotene  daily.  At  the  end  of  56  days,  ico 
grams  of  yeast  were  fed  each  day. 

(3)  Basal  and  a  vitamin  mixture  of  nicotinic  acid  75  mgm.,  thiamin 
chloride  5  mgm.,  riboflavin  2  mgm.,  calcium  pantothenate  10  mgm., 
and  pyridoxine  0.8  mgm.  At  the  end  of  56  days,  40  gamma  of  beta 
carotene  were  fed  each  day. 


(4)  Basal.  At  the  end  of  56  days,  an  alcoholic  extract  of  whole  vacuum 
dried  beef  liver  was  fed  daily. 

(5)  Basal.  At  the  end  of  56  days,  100  grams  of  whole  vacuum  dried  beef 
liver  were  fed  each  day. 

(6)  Basal  and  100  grams  of  whole  vacuum  dried  beef  liver  daily. 

(7)  Basal  with  10  parts  of  the  tankage  replaced  by  10  parts  soybean  oil- 
meal.  At  the  end  of  56  days,  100  grams  of  brewers'  yeast  and  40 
gamma  of  beta  carotene  were  fed  each  day. 

(8)  Basal  with  10  parts  of  the  tankage  replaced  by  10  parts  of  soybean 
oilmeal  and  100  grams  of  brewers'  yeast  daily. 

(9)  Basal  with  10  parts  of  the  tankage  replaced  by  10  parts  of  soybean 
oilmeal  and  40  gamma  of  beta  carotene  daily. 

At  the  end  of  56  days  of  feeding,  all  the  pigs  fed  the  basal  ration  showed 
the  following  symptoms:  emaciation,  weakness,  vomiting,  anorexia,  diarrhea, 

and  a  mild  dermatitis. 

The  feeding  of  100  grams  of  brewers'  yeast  daily  with  the  basal  ration 
did  not  correct  the  deficiencies  of  the  ration,  treatment  i.  Three  of  the  5  pigs 
died  during  the  course  of  the  feeding  period;  the  other  2  failed  to  gain  and 
exhibited  the  same  deficiency  symptoms  as  those  fed  the  basal  ration.  After 
56  days  of  feeding,  40  gamma  of  beta  carotene  were  fed  each  day  to  these 
2  pigs,  with  no  improvement  in  their  condition. 

The  feeding  of  40  gamma  of  beta  carotene  daily  during  the  first  56  days 
and  40  gamma  of  beta  carotene  and  100  grams  of  yeast  with  the  basal  ration 
during  the  remainder  of  the  period,  did  not  fulfill  the  nutritive  requirements 

of  these  pigs,  treatment  2.  ,  1  •  1 

The  addition  of  the  mixture  of  the  B  vitamins  to  the  basal  mixture  did  not 
supply  the  necessary  essential  nutrients,  treatment  3,.  Two  of  the  5  pigs 
died-  the  other  3  were  definitely  emaciated  with  characteristic  symptoms 
observed  in  the  other  pigs  fed  the  basal  ration.  The  feeding  of  40  gamma  of 
beta  carotene  each  day  to  each  of  these  3  pigs,  beginning  at  the  end  of  56 
days,  did  not  improve  their  condition. 

A  limited  response  was  noted  with  each  of  the  two  pigs  that  were  fed 
the  alcoholic  extract  of  the  vacuum  dried  beef  liver,  after  56  days  on  the 
basal  ration,  treatment  4.  The  recovery  of  these  2  pigs  was  not  as  rapid  or  as 
complete  as  that  of  the  pigs  fed  whole  vacuum  dried  beef  liver.  Complete 
recovery  and  normal  growth  ensued  with  the  3  pigs  fed  the  100  grams  ot 
whole  vacuum  dried  beef  liver  each  day,  after  56  days  on  the  basal  ration, 

treatment  5.  r  1     1  l  j 

Of  the  5  pigs  fed  the  basal  ration  and  100  grams  of  the  liver  each  day, 
treatment  6,  three  pigs  died  during  the  first  30  days  of  feeding.  Interna 
hemorrhages  caused  the  death  of  these  pigs.  The  cause  of  the  internal 


,a4    T.  B.  Kbith,  R.  C.  Mii-lbk,  W.  T.  S.  Thokp,  M.  A.  McCaktv 
l^^morrhaees  has  not  been  determined.  The  other  a  pigs  made  an  average 

S  ;S';  pound.  At  the  ^^^i^^^rztz^ 

incoordination,  one  pig  was  passmg  bloody  urine,  and  a 

b,%tn  oleal, ,  <.,.d  Wor.  .h.  end  of  .h.  '«f «  P^/^J-  ^Th. 

'"Thf,  pigs  fed  the  basal  ration  with  lo  per  cent  of  the  tankage  replaced 
by  so^bean'oilmeal  and  xoo  grams  of  brewers'  yeast  daily  P^^  P^^-^e  an 
by  soy  Deal  individual  gains  ranging  from  .42  to 

r^t  «r.«  S^^td-vd^U  had  .  ».ld  d.,...,...  »d  on.  of 

""xh.^^tstd  .h.  basal  n,<io„  wid,  .0  p..  c.n.  of  .h.  ..nkag.  ..placed 

pronounced,  and  within  a  short  time  the  animal  was  unable  to  walk. 

ment  9.  ,  r^.    ■.. 

Histological  Studies 

.    Histopathologic.  ^^-Z:^^^'^^^^^ 
several  cases,  on  the  ^^^^J^^J^^^^^^,^^  ,,  resembles  more  closely  an 

epidermidosis  since  the  lesions  „         j^^iiy  did  the  dermatitis  ex- 

s^ri'  z„7.rX^:-  f  ii  w...  NO  „..^n< 

„rrw...  B«d  and  ,^n.d  .-^^^^^-^l^t.'rS-rSl 
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reported  by  Wintrobe,  Miller,  and  Lisco  (1940)  and  by  Ellis  and  Madsen 
(1941). 

Summary 

The  addition  of  manganese  to  rations  which  were  high  in  ash  and  low  in 
manganese  content  was  found  to  be  of  benefit  in  preventing  stiffness  with 
pigs  of  initial  weights  of  80  to  100  pounds  which  were  gaining  weight 
rapidly.  No  other  deficiencies  were  evident  with  normal  healthy  pigs  of 
these  initial  weights. 

For  young  pigs  with  initial  weights  ranging  between  20  and  3,5  pounds 
at  the  beginning  of  the  experiment,  rations  comprised  of  yellow  com,  tank' 
age,  alfalfa,  and  salt  were  deficient  in  growth  factors.  The  factors  lacking  are 
apparently  supplied  by  liver  and  a  combination  of  soybean  oilmeal,  yeast, 
and  carotene.  These  factors  are  not  supplied  by  yeast  alone  or  pure  B 

vitamins. 

Nutritional  factors  required  to  prevent  a  mild  dermatitis  and  ataxia  were 

not  fully  supplied  by  any  of  these  supplements. 
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(Received  for  publication  November  2."),  1941) 

Numerous  experiments  have  been  reported  concerning  the 
question  of  whether  cations  other  than  calcium  can  be  de- 
posited in  the  bones.  Some  of  the  results  are  of  interest  purely 
as  experimental  phenomena,  indicating  that  the  calcification 
mechanism  is  not  absolutely  specific  for  calcium  salts;  some, 
liowever,  have  sliown  the  fate  and  to  a  large  extent  have 
guided  the  tlierapy  of  certain  toxic  metals  in  the  body.  Ex- 
amples of  metals  used  in  such  studies  are  lead,  strontium, 
l)eryllium,  radium,  bismuth,  and  manganese. 

Manganese,  like  l)eryllium,  aluminum,  and  iron,  has  proved 
i-achitogenic  when  fed  in  large  amounts  (Blumberg,  Shelling 
and  Jackson,  '38).  Since  the  major  part  of  this  element  is 
excreted  in  the  feces  (Skinner  and  Peterson,  '30),  the  harmful 
action  is  prol)ably  caused,  not  by  the  toxicity  of  manganese 
itself,  but  by  its  effect  on  phosphoi'us  metabolism.  Because 
appi'eciable  amounts  of  manganese  itself  are  absorbed  and 
found  in  various  tissues,  including  lume,  there  is  also  the  pos- 
sibilitv  that  it  mav  have  a  direct  influence  on  the  calcifying 

•  • 

meclianisiii. 

Rocont  work  lias  iiulicatetl  that  traces  of  manganese  (2.)  to 
50  p.p.ni.)  in  the  diet  of  chicks  prevent  perosis  (Gallup  and 
Norris,  '39  a).  A  requirement  as  definite  as  that  suggested 
for  the  chick  has  yet  to  he  demonstrated  in  the  rat,  although 
manganese  appears  to  have  an  important  role  in  the  produc- 
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tioii  and  rearing  of  normal  young  of  both  rats  and  cliickens 
(Gallup  and  Norris,  '39  b;  Orent  and  McCollum,  '31;  Barnes, 
Sperling  and  Maynard,  '41). 

The  ingestion  of  certain  acidic  organic  compounds  has  been 
reported  to  influence  the  cure  of  rickets  by  improving  mineral 
absorption  (Hathaway  and  Meyer,  '39;  Shohl,  '37).  Since 
manganese  complexes  with  organic  acids  were  observed  by 
Delsal  ('38),  the  effect  of  citrate  on  the  mineral  elimination 
in  the  feces  was  believed  to  constitute  an  important  phase  of 
any  series  of  manganese  metabolic  studies. 

The  present  investigation  deals  with  tliree  problems  in  man- 
ganese metabolism:  (1)  the  effect  of  large  manganese  intakes 
on  the  fecal  output  of  calcium  and  phosphorus  and  on  the 
amount  and  location  of  the  stored  manganese;  (2)  the  effect 
of  phosphate,  vitamin  D,  and  citrate  on  both  mineral  excretion 
in  the  feces  and  the  cure  of  rickets  in  the  presence  of  man- 
ganese; (3)  the  probable  role  of  very  small  manganese  intakes 
in  calcification. 

EXPERIMENTAL 

The  experimental  work  with  manganese  in  tlie  diet  was 
divided  into  two  parts,  the  first  dealing  with  liigh  manganese 
intake  and  tlie  second  with  small  amounts  of  manganese. 

High  manganese  lev  eh 

Young  rats  weighing  between  45  and  50  gm.  were  depleted 
of  their  body  stores  of  vitamin  D  by  feeding  some  groups  the 
Steenbock  and  Black  ration  no.  2965,  and  other  groups  the 
same  ration  witli  the  calcium  carbonate  molecularly  supple- 
mented or  replaced  by  manganous  carbonate.  The  rachitogenic 
diets  supplemented  with  manganese  are  designated  as  1/5  S, 
2/5  S,  3/5  S,  and  5/5  S;  wliik*  the  rations  in  whicli  the  calcium 
was  replaced  by  manganese  are  designated  as  1/5  R,  2/5  R, 
3/5  R,  5/5  R,  2/5  Rp,  and  5/5  Ra.  Diet  2/5  Rp  liad  tlie  phos- 
phorus content  increased  by  the  addition  of  1%  potassium 
dihydrogen  phosphate;  in  diet  5/5  Ra,  0.5%  of  the  calcium 
carbonate  was  left  in  the  diet  (similar  to  diet  V  of  Blumberg, 


Shelling  and  Jackson,  '38).  The  calcium,  phosphorus,  and 
manganese  contents  of  these  diets  on  a  dry  basis  were  as 
follows : 


DIET 

ca 

p 

MU 
% 

DIET 

p 

Mn 

Steenbock 

1.48 

0.36 

0.002 

1/5  K 

1.31 

0.36 

0.42 

1/5  S 

1.50 

0.36 

0.312 

2/5  l\ 

1.12 

0.36 

0.68 

2/5  S 

1.52 

0.36 

0.66 

2/5  Kp 

1.16 

0.80 

0.66 

3/5  S 

1.55 

0.32 

1.12 

3/5  R 

0.93 

0.33 

1.02 

5/5  S 

1.40 

0.32 

1.73 

5/5  R 

0.08 

0.40 

1.58 

5/5  Ra 

0.84 

0.51 

1.22 

All  animals  were  placed  in  a  darkened  room  in  individual 
metal  cages  provided  with  raised  screen  floors.  They  were 
given  ample  rachitogenic  diet  and  distilled  water.  A  record 
was  kept  of  food  intake  and  change  in  body  weight. 

After  a  21-day  depletion  period,  half  of  the  animals  on  each 
diet  were  killed  bv  anesthesia  in  order  to  obtain  blood  and 
bones  for  analyses.  The  remaining  animals  were  given  (1)  5 
units  of  vitamin  D  (U.  S.  P.  XI  reference  cod  liver  oil),  (2)  5 
units  of  vitamin  D  with  potassium  citrate  in  the  diet  (0.4  mols 
per  100  gm.),  or  (3)  100  units  of  vitamin  D.  At  the  end  of  a 
7-day  curative  period,  these  animals  also  were  killed. 

The  blood  samples  obtained  by  cardiac  puncture  were  pooled 
for  each  group  of  animals.  Serum  inorganic  phosphorus  was 
determined  bv  the  method  of  Youngberg  and  Youngberg  ( '30) 
and  calcium  by  the  Clark-Collip  modification  of  the  Tisdall 
method  ('25).  Livers  were  pooled  for  each  group  of  animals. 
These  were  dried  at  100°  C,  ground  in  a  glass  mortar,  and 
ashed.  The  ash  was  analyzed  for  manganese  by  the  periodate 
method  of  Willard  and  Greathouse   ('17). 

The  feces  were  collected  from  individual  animals  during  the 
21-day  depletion  period  and  during  the  7-day  curative  period. 
The  dried  fecal  pellets  were  weighed  and  pulverized.  Duplicate 
samples  were  ashed  in  platinum  crucibles.  The  ash  was  dis- 
solved in  5  ml.  of  nitric  acid  (1 :  4)  by  the  addition  of  1  to  2  ml. 
of  hydrogen  peroxide  (37r)  and  the  acid  solution  washed 
through  a  quantitative  filter  paper  into  a  100  ml.  volumetric 
flask  and  diluted  to  volume  with  distilled  water.  Aliquots  of 
this  solution  were  used  for  analysis. 
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Phosphorus  was  detennined  by  the  volumetric  method  m  h 
ammonium  molybdate  precipitation  (HiUebrand  and  Lundell 
'29  p.  567)  and  calcium  by  permanganate  titration  ot  the 
oxalate  in  the  presence  of  acetic  acid  (Ibid,  p.  501).  Manganese 
was  determined  by  the  periodate  method,  colorimetnc  meas- 
nrement  being  made  with  an  electrophotometer  using  a  green 
filter  with  maximum  absorption  of  525  mp. 

Low  manganese  levels 

The  effect  of  small  amounts  of  manganese  on  calcification 
was  studied  in  the  following  experiments 

1.  The  Steenbock  diet  was  supplemented  with  O.OOo/o  and 
0  01%  manganese  added  as  the  carbonate. 
■  2    The  Steenbock  diet  was  supplemented  with  ti-i-weekly 
subcutaneous  injections  of  manganese  lactate  solution.    The 
njections  were  made  at  levels  of  2.5  mg.  and  5.0  mg^  per  week; 
these  amomits  are  equivalent  to  those  in  50  gin.  o    diets  ca,i- 
taining  0.005  and  0.01%  of  manganese  respectively.    A  level 
of  50  mg.  per  week  was  fatal  14  hours  after  the  first  mjection 
This  hi"h  level  was  tolerated  by  adult  rats,  but  their  weight 
remained  stationary,  and  after  2  weeks  they  were  in  very  poor 

'''!f  rnon-rachitogenic,  manganese-free,  but  otherwise  ade- 
quate diet  was  used  as  a  control.   It  consisted  of  -hole  milk 
powder^  with  supplements  of  70  mg.  of  iron  and  1.)  mg.  ot 
•opper  per  week.  No  manganese  could  be  detected  m  the  ash 
of  a  20-gm.  sample  of  this  milk  powder  by  the  method  used. 
Manganese  was  added  to  the  diet  as  a  manganous  sulfa  e 
solution  containing  2.5  n.g.  manganese  per  nnll.hte. .    This 
was  fed  at  levels  of  1.25  and  2.5  mg.  per  week,  -P--"ting 
0.0025  and  0.005%  dietary  levels  at  a  food  intake  of  .,0  gin 
,)or  week.  The  solutions  of  ferric  chloride,  copper  su  fate,  and 
manganous  sulfate  were  mixed  with  30  gm.  of  mdk  powder 
and  dried.  After  the  animals  had  consumed  this  mixtui-e,  they 
were  allowed  to  eat  the  whole  milk  powder  freely  the  re- 
mainder of  the  week.    The  groups  were  designated  as  MF, 
IMP  .0025,  and  IMP  .005. 

•  Klim. 
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The  groups  of  young  rats  receiving  these  diets  and  supple- 
ments Avere  subjected  to  the  same  procedures  for  the  depletion 
and  curative  periods  as  described  for  the  animals  on  high 
manganese  levels  with  the  exception  of  the  rats  in  the  milk 
powder  groups.  These  animals  received  no  vitamin  D  and 
were  kept  on  the  diet  for  5  weeks. 


KESULTS  AND  DISCUSSION 

The  average  values  for  the  results  obtained  from  each 
group  of  animals  are  given  in  tables  1  and  2  and  figures  1 
and  2. 

The  growth  response  (table  1)  indicated  clearly  the  retard- 
ing effect  of  high  manganese  intake  on  growth  in  rats  receiving 
the  Steenbock  diet.  Considering  the  effect  of  manganese  sup- 
plements with  a  high  calcium-low  phosphorus  diet,  it  was 
evident  that  the  growth  of  the  animals  decreased  as  the  amount 
of  manganese  in  the  diet  was  increased  (fig.  1).  With  equal 
amounts  of  calcium  and  manganese,  the  animals  lost  weight 
during  the  entire  experimental  period,  losing  about  30%  of 
their  initial  weight  in  4  weeks. 

The  condition  of  the  animals  may  be  explained  by  the  ab- 
normal calcium-phosphorus  metabolism  induced  by  the  Steen- 
bock diet  itself  and  intensified  by  the  presence  of  large 
amounts  of  manganese.  The  calcium  excretion  was  increased 
with  increased  manganese  intake  (table  1).  The  phosphorus 
excretion  was  not  only  increased,  but  at  the  higlier  manganese 
levels,  negative  phosphorus  balances  were  indicated  by  the 
fecal  excretion  of  amounts  of  phosphorus  greatly  in  excess 
of  flie  diefarv  intake. 

Tlie  replacement  of  calcium  with  manganese  without  in- 
creasing* the  actual  mineral  content  of  the  diet  produced  a 
similar  effect  on  growth  and  mineral  absorption  (table  1; 
fig.  2).  Because  a  partial  replacement  of  the  calcium  lowered 
the  calcium  content  toward  a  more  normal  calcium-phosphorus 
ratio,  the  condition  was  less  severe.  The  presence  of  man- 
ganese was  still  sufficient,  however,  to  give  a  negative  phos- 
phorus balance. 
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Addition  of  phosphate  to  the  diet  nullified  the  action  of 
manganese  on  phosphorus  excretion  and  improved  the  appe- 
tite and  general  condition  of  the  animals  (diet  2/5  Ep).  It 
is  notable,  however,  that  excess  of  both  calcium  and  phos- 
phorus in  this  diet  allowed  a  marked  increase  in  manganese 
]-etention  during  the  depletion  period. 
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Fig.  1  Growth  response  in  rats  in 
the  presence  and  al)sence  of  vitamin  D 
when  dietary  calcium  is  supplemented 
with  large  amounts  of  manganese. 
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Fig.  2  Growth  response  in  rats  in 
the  presence  and  absence  of  vitamin  I) 
when  dietary  calcium  is  partially  or 
entirely  replaced  by  manganese. 


The  complete  replacement  of  calcium  and  manganese  (diet 
5/5  R)  i-esulted  in  a  serious  upset  in  mineral  metabolism. 
Within  14  days  some  of  the  animals  had  died;  the  others  were 
in  very  poor  condition.  The  rapid  fecal  excretion  of  calcium 
and  phosphorus  from  the  body  supply  was  fatal.  Calcium 
was  excreted  at  an  average  rate  of  21.5  mg.  per  day,  when  the 
intake  was  only  2  mg.  per  day.  The  phosphorus  excretion  was 
also  greater  than  the  dietary  intake,  and  the  serum  phos- 
phorus was  high. 
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As  a  check  on  this  condition,  a  second  group  of  rats  averag- 
ing 65  gm.  initial  weight  were  fed  this  diet  (5/5  E).  The 
larger  animals  tolerated  the  total  replacement  of  calcium  no 
better  than  the  smaller  ones.  Consequently,  0.5%  calcium 
carbonate  was  returned  to  the  diet  (5/5  Ra)  at  the  end  of 
the  first  week.  The  amount  of  calcium  was  sufficient  to  check 
the  rapid  loss  in  weight  and  to  improve  the  general  condition 
of  the  animals. 

Except  in  this  attempt  to  replace  all  of  the  calcium  with 
manganese,  the  effect  of  manganese  was  more  pronounced  in 
relation  to  phosphorus  retention  than  to  that  of  calcium. 
Decreasing  the  calcium  to  change  the  calcium:  phosphorus 
ratio  also  improved  mineral  assimilation  in  the  presence  of 
manganese.  Even  when  the  calcium :  phosphoi'us  ratio  was 
reduced  so  tliat  the  diet  was  no  longer  rachitogenic,  the  pres- 
ence of  manganese  still  induced  a  rachitic  condition. 

The  administration  of  vitamin  D  to  animals  receiving  high 
manganese  diets  improved  the  condition  of  the  animals  on 
all  manganese  levels,  but  the  effect  was  most  pronounced 
where  the  calcium  was  replaced  by  manganese.  The  calcium 
and  phosphorus  elimination  in  the  feces  was  definitely  de- 
creased in  the  presence  of  vitamin  D,  and  in  most  cases  there 
was  a  small  gain  in  weight. 

The  most  striking  values  in  the  fecal  excretion  data  for  the 
animals  of  both  the  control  and  the  manganese  groups  are 
those  following  the  addition  of  potassium  citrate  to  the  diet 
Avith  the  vitamin  D  supplement.  In  the  animals  of  the  control 
group  and  the  2.5  R  group  the  calcium  retention  was  markedly 
increased;  the  phosphorus  retention  was  far  more  than 
doubled  in  all  three  of  the  groups  receiving  the  citrate  (con- 
ti-ol,  2/5  S,  and  2/5  R).  The  values  for  phosphorus  absorption 
are  given  on  the  assumption  that  all  of  the  0.85  to  0.507r 
phosphorus  in  the  various  diets  was  in  available  form.  Lowe 
and  Steenbock  (^36)  reported  that  of  the  0.33%  total  phos- 
phorus in  the  Steenbock  diet  only  6%  is  inorganic,  and  the 
rest  is  in  a  poorly  assimilated  form.  Hence,  the  intake  values 
o-iven  in  these  data  are  maximum.   The  controls  show  23.5  to 
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32.0%  retention  of  the  total  phosphorus  present  in  the  diet 
which,  according  to  the  work  cited,  should  be  about  all  of  the 
phosphorus  available  for  absorption.  Yet  with  the  addition 
of  potassium  citrate  to  the  diet,  it  is  notable  that  almost  75% 
of  the  total  dietary  phosphorus  was  apparently  absorbed. 
Citrate  did  not  have  a  marked  effect  on  manganese  retention. 

Although  manganese  was  evidently  instrumental  in  increas- 
ing the  fecal  excretion  of  calcium  and  phosphorus,  the  feces 
did  not  contain  all  of  the  ingested  manganese.  The  question 
arises,  was  part  of  the  severe  condition  of  the  animals  caused 
by  the  toxicity  of  the  absorbed  manganese  or  by  some  specific 
effect  on  calcium-phosphorus  metabolism  other  than  their  ex- 
cretion into  the  intestine?  Marked  storage  of  manganese 
occurred  in  the  livers  of  these  rats.  The  amount  stored  was 
in  proportion  to  the  intake  and  absorption.  It  was  noted  that, 
although  increased  phosphorus  of  the  diet  (2/5  Rp)  resulted 
in  considerable  retention  of  manganese,  the  amount  found  in 
the  liver  was  not  as  high  as  from  a  similar  diet  without  the 
added  phosphorus  (2/5  R).  The  ash  of  the  bones  and  kidneys 
contained  manganese,  but  the  quantities  present  in  the  avail- 
able samples  were  too  small  to  allow  quantitative  measurement 
bv  the  method  used.  :/ 

In  addition  to  a  direct  toxic  effect  of  stored  manganese,  its 
presence  in  the  tissues  may  affect  the  local  calcification  mech- 
anism in  the  bone.  In  the  instances  of  the  rats  receiving  the 
high  manganese  diets,  both  the  low  blood  phosphorus  and  the 
results  of  the  line  tests  indicated  a  condition  of  severe  rickets. 
These  values,  however,  are  readily  explained  by  the  inter- 
ference with  calcium  and  phosphorus  assimilation.  With  the 
levels  of  manganese  in  the  diet  that  caused  a  negative  phos- 
phoi'us  balance,  the  y)hosphorus  was  drained  fi'om  both  bones 
and  other  tissues,  and  the  rachitic  condition  was  probably 
complicated  with  osteoporosis.  This  is  especially  true  with 
the  diet  5/5  R  where  all  of  the  calcium  was  replaced  with 
manganese.  After  only  14  days  on  this  diet,  the  skeletons  of 
the  animals  were  brittle  shells  of  cortical  bone.  The  epiphyseal 
lino  was  regulai'  and  did  not  indicate  the  usual  rachitic  con- 
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dition,  but  the  bone  had  been  dissolved  from  the  interior  and 
the  marrow  cavity  filled  with  blood.  The  mesothelial  linings 
were  hemorrhagic,  and  the  muscles  were  soft  and  small.  These 
conditions  were  undoubtedly  caused  by  the  draining  of  calcium 
and  phosphorus  into  the  intestine.  There  was  nothing  which 
can  be  interpreted  as  a  specific  manganese  effect,  for  the  same 
result  could  be  obtained  by  maladjustment  of  the  calcium  and 
phosphorus  intake  alone. 

A  further  indication  that  the  condition  was  a  result  of  ex- 
cessive mineral  excretion  was  demonstrated  by  its  improve- 
ment with  the  administration  of  vitamin  D.  The  general  elfect 
of  vitamin  D  was  to  increase  calcium  and  phosphorus  retention 
and  the  serum  j^hosphorus  level.  This  increase  in  phosphorus 
i-etention  was  small  but  consistent,  in  spite  of  the  fact  that 
the  manganese  present  was  antagonistic  to  the  increased  ab- 
sorption induced  by  vitamin  D.  The  bones  from  several 
groups  of  animals  fed  manganese  showed  some  signs  of  heal- 
ing along  the  epiphyseal  line,  although  there  was  no  deposition 
in  the  decalcified  area  of  the  metaphysis  as  in  normal  healing. 

Here  again  the  potassium  citrate  supplement  with  vitamin  D 
gave  significant  results  as  was  expected  from  the  improvement 
in  growth  and  in  calcium  and  phosphorus  retention.  AVith  the 
citrate  the  blood  phosphorus  was  increased  and  the  bones 
healed  to  an  extent  greater  than  that  caused  by  100  units  of 
vitamin  D  alone. 

The  effects  of  small  amounts  of  manganese  in  the  diet  were 
not  so  outstanding  (table  2).  When  added  to  the  milk  powder 
diet,  manganese  at  levels  of  25  and  50  p.p.m.  showed  no  ap- 
preciable or  constant  effect  on  growth,  calcium  and  phosphorus 
absorption,  or  blood  and  bone  content.  Under  these  conditions, 
an  average  of  about  40%  of  the  ingested  manganese  was 
apparently  absorbed  compared  to  25%  absorption  from  high 
manganese  intakes  when  fed  with  the  Steenbock  diet.  Liver 
data  indicated  storage  of  manganese  in  proportion  to  the  level 
in  the  diet,  but  the  livers  of  the  rats  receiving  the  manganese- 
free  milk  powder  diet  still  contained  appreciable  manganese 
after  5  weeks'  experimental  period.   About  70%  of  the  total 
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phosphorus  was  retained  compared  to  25  to  30%  from  the 
Steenbock  diet.  The  blood  and  bone  analyses  yielded  normal 
values. 

The  groups  of  rats  receiving  50  p.p.m.  manganese  either 
by  injection  or  in  the  diet  in  combination  with  the  Steenbock 
diet  showed  a  growth  rate,  slightly  but  consistently  above 
that  of  the  control  animals.  On  the  other  hand,  with  a  level  of 
100  p.p.m.  in  the  diet,  the  animals  showed  slightly  retarded 
growth  rates  compared  to  the  controls.  AVith  the  exception 
of  a  higher  food  intake  for  the  animals  on  the  0.005%  levels, 
the  calcium  and  phosphorus  retention  and  blood  and  bone 
analyses  showed  no  appreciable  differences  between  the  ani- 
mals receiving  manganese  and  the  control  group  (table  2). 

The  injection  of  manganese  in  an  amount  equivalent  to 
100  p.p.m.  in  the  diet  retarded  the  growth  rate  to  a  more 
marked  extent.  It  may  also  be  seen  that  the  phosphorus  ex- 
cretion was  increased  in  these  rats.  The  explanation  for  the 
increased  fecal  excretion  of  phosphorus  may  be  in  the  excre- 
tion of  tlie  injected  manganese,  in  part  at  least,  into  the 
intestine.  The  fecal  excretion  of  manganese  for  both  groups 
in  which  the  manganese  was  injected  was  several  times  the 
amount  ingested  in  the  diet.  This  agrees  with  reports  in  the 
literature  on  the  excretion  of  manganese  in  the  bile  (Reiman 
and  Minot,  '20).  In  the  present  studies  the  amount  of  man- 
ganese found  in  the  livers  of  the  animals  injected  was  twice 
as  great  as  when  the  same  amount  was  ingested  in  the  diet. 

The  injected  manganese  showed  little  detrimental  effect  on 
the  healing  of  the  rachitic  condition  developed  on  the  Steen- 
bock diet.  Vitamin  D  induced  healing  in  all  cases.  Even  with 
the  manganese  injections,  the  bones  of  two  out  of  the  four 
animals  on  the  0.005%  level  and  five  out  of  the  six  on  the 
0.01%  level  showed  healing.  The  serum  phosphorus  of  the 
latter  group,  however,  remained  at  a  rachitic  level  consistent 
with  the  decreased  retention  of  phosphorus  in  this  group. 

From  the  results  of  the  subcutaneous  injections  of  man- 
ganese it  appears  that  the  rat  does  not  tolerate  more  than 
about  50  p.p.m.  of  manganese  in  the  diet.  At  levels  of  100 
p.p.m.  the  detrimental  effect  became  evident. 
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SUMMARY 

The  effects  of  various  amounts  of  manganese  in  the  diet  of 
young  growing  rats  were  studied  with  special  reference  to 
the  influence  of  this  element  on  calcium  and  phosphorus 
metabolism  in  the  presence  and  absence  of  vitamin  D.  The 
followhig  conclusions  were  drawn  from  the  data  ol)tahicd. 

1.  On  high  manganese  intakes  the  growth  of  rats  was  re- 
tarded in  proportion  to  the  amount  of  manganese  in  the  diet. 

2.  High  manganese  intake  in  connection  with  high  calcium- 
low  phosphorus  diets  increased  the  excretion  of  phosphorus 
in  all  cases  and  of  calcium  at  the  highest  manganese  levels. 
This  excretion  was  bv  wav  of  the  feces  and  in  some  cases 
was  increased  to  the  extent  of  depleting  the  body  supply  of 
these  elements.  The  interference  with  phosphorus  retention 
was  more  pronounced  than  was  that  with  calcium  retention. 

3.  The  adverse  nutritional  condition  was  less  marked  when 
the  calcium  in  the  diet  was  replaced  than  when  it  was  supple- 
mented by  manganese.  When  the  calcium  of  the  diet  was  com- 
pletely replaced  by  manganese,  the  results  were  fatal  becnuse 
of  the  severe  loss  of  calcium  and  phosphorus  f  I'om  the  body. 

4.  A  more  favorable  calcium :  phosphoius  ratio  in  tlie  diet, 
l)roduced  by  increasing  the  phosphorus  content,  tended  to 
improve  retentioii  of  these  elements  even  in  the  presence  of 


manganese. 


5.  Animals  from  these  groups  which  had  been  fed  large 
amounts  of  manganese  developed  severe  rickets  as  evidenced 
by  blood  phosphorus  level  and  by  the  condition  of  the  bones. 
Vitamin  D  administration  resulted  in  an  improved  condition. 

(i.  The  addition  of  potassium  citrate  to  the  diet  produced 
a  striking  improvement  in  calcium  and  phosi)liorus  retention 
and  subsequently  in  bone  calcification. 

7.  Manganese  was  stored  primarily  in  the  liver.  That  which 
entered  the  bodv  bv  subcutaneous  injection  was  stored  to  some 
extent  in  the  liver  and  the  bones,  but  the  larger  portion  was 
excreted  in  the  feces. 

8.  Low  manganese  intakes,  comparable  to  those  found 
effective  in  correcting  perosis  in  the  chick,  did  not   retard 
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growth  and  showed  little  or  no  effect  on  bone  calcification 
either  in  conjunction  with  normal  or  wdth  rachitogenic  diets. 
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FEEDIXG-CAXE  molasses  has  been 
used  to  a  limited  extent  in  poultry  ra- 
tions, although  for  many  years  it  has  been 
an  important  constituent  of  rations  of  other 
farm  animals.  It  is  usually  one  of  the  most 
abundant  as  well  as  one  of  the  cheapest 
sources  of  energy  available  to  poultrymen 
in  this  country. 

Winter  (1929)  reported  on  four  trials 
with  chicks  grown  in  batteries  and  noted 
that  eight- week  body  weights  were  highest 
in  groups  receiving  5  percent  cane  mo- 
lasses replacing  an  equal  amount  of  corn  in 
the  ration.  In  one  trial  continued  to  12 
weeks,  body  weight  was  highest  in  the  lot 
receiving  3  percent  molasses.  JVIaw  (1933) 
added  molasses  to  a  starting  mash  to  form 
1,3,5,  and  7  percent  of  the  total  ration  and 
found  in  one  10-week  battery  trial  that 
body  weight  was  essentially  constant  while 
feed  intake  increased  with  increased  mo- 
lasses in  the  ration. 

Bice  (1933)  fed  a  commercial  mash  to 
which  was  added  5,  7,  and  10  percent  mo- 
lasses. On  the  basis  of  the  additional  con- 

*  Authorized  for  publication  on  October  20,  1941, 
as  paper  No.  1056  in  the  Journal  Series  of  the 
Pennsylvania  Agricultural  Experiment  Station.  This 
invest iiiatrbn  was  made  possible  through  a  fellow- 
ship ^rant  by  the  Commercial  Molasses  Corpora- 
tion, New  York  City. 


sumption  of  scratch  grain,  chopped  green 
alfalfa,  and  bonemeal  reported  for  the  13- 
week  experiments  with  chicks  reared  on  the 
floor,  molasses  apparently  constituted 
about  3.4,  4.9,  and  6.1  percent  of  the  total 
rations.  From  Bice's  data  it  is  noted  that, 
after  the  sixth  week,  growth  curves  of 
females  fed  3.4  and  4.9  percent  molasses 
were  close  together  and  higher  than  growth 
curves  of  females  fed  6.1  percent  and  no 
molasses.  Total  feed  intake  was  highest  in 
the  groups  receiving  molasses. 

In  seven  8-week  experiments  with  chicks 
in  batteries,  Upp  (1937)  observed  inferior 
growth,  higher  feed  intake,  and  lower  feed 
efficiency  with  diets  containing  5,  10,  and 
15  percent  molasses  in  place  of  an  equal 
amount  of  corn.  The  15  percent  molasses 
diet  was  too  laxative  for  most  of  the  chicks, 
and  the  recommendation  was  made  that 
not  more  than  5  to  7  percent  molasses  be 
used  in  all-mash  chick  rations. 

Evidently  a  small  amount  of  cane  mo- 
lasses may  be  used  satisfactorily  in  the 
chick  diet.  In  order  to  obtain  information 
relative  to  the  optimum  amount  of  mo- 
lasses for  practical  poultry  rations,  an  in- 
vestigation was  conducted  in  which  all- 
mash  rations  containing  0,  2,  4,  and  6  per- 
cent feeding-cane  molasses  were  fed 
through  the  entire  growing  period  and  the 
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first  laying  year.  The  all-mash  no-molasses 
basal  ration  was  formulated  to  meet  all 
known  nutritive  requirements  with  con- 
stituents conforming  to  best  present-day 
commercial  practice  in  this  area.  Thus,  the 
investigation  was  designed  to  indicate 
whether  or  not  the  addition  of  feeding-cane 

Table  1. — Mean  body  weight  of  females 


Table  3. — Mean  feed  efficiency  of  females  expressed 
as  pounds  of  gain  per  pound  of  feed  consumed 


Age 

Percent  cane  molasses 

None 

2 

4 

6 

weeks 

1 

4 

8 
12 
16 
20 
24 

gms. 

64 

211 

501 

866 

1169 

1370 

1595 

gms. 

63 

207 

504 

862 

1164 

1363 

1607 

gms. 

63 

219 

523 

887 

1187 

1384 

1602 

gms. 

63 

207 

503 

868 

1158 

1379 

1632 

Numljcr 

149 

156 

147 

160 

molasses  would  improve  an  already  high- 
grade  ration. 

EXPERIMENTAL 

Data  reported  here  were  obtained  in  the 
first  24  weeks  of  two  experiments  in  which 
four  all-mash  rations  varying  in  feeding- 
cane  molasses  content  were  fed  in  duplicate 
to  Single  Comb  White  Leghorns  from  1 
day  to  72  weeks  of  age.  The  first  experi- 
ment was  started  April  26,  1939,  and  the 
second  May  8,  1940.  The  molasses  was  ob- 
tained as  a  composite  sample  from  the  1938 
season's  production  of  14  Cuban  sugar 
mills. 

Table  2. — Mean  feed  intake  of  females 


Age 

Percent  cane  molasses 

None 

2 

4 

6 

weeks 

lbs. 

lbs. 

lbs. 

lbs. 

1-  4 

1.15 

1.16 

1.23 

1.20 

4-  8 

3.02 

3.05 

3.24 

3.08 

8-12 

3.84 

3.77 

4.12 

3.90 

12-16 

4.40 

4.46 

4.67 

4.50 

16-20 

4.76 

4.99 

5.04 

5.20 

20-24 

5.33 

5.49 

5.73 

5.96 

Total 

22.50 

22.92 

24.03 

23.84 

Age 

Percent  cane  molasses 

None 

2 

4 

6 

weeks 
0-  6 
6-12 

12-24 

0.266 
0.210 
0.112 

0.265 
0.208 
0.107 

0.263 
0.197 
0.101 

0.25Q 
0.208 
0.110 

The  no-molasses  basal  ration  contained 
ground  yellow  corn  42.3,  wheat  bran  15, 
standard  wheat  middlings  10,  ground  oats 
10,  alfalfa  meal  5,  meat  scraps  7,  fish  meal 
7,  dry  skimmilk  2,  ground  limestone  1,  salt 
0.5,  and  cod  liver  oil  (400-D)  0.2  percent 
by  weight.  Mean  chemical  analyses  of  this 
ration  were  moisture  10.3,  protein  17.9,  and 
ash  7.4  percent.  At  16  weeks  of  age  this 
ration  was  changed  to  contain  ground  yel- 
low corn  45.1,  wheat  bran  15,  standard 
wheat  middlings  10,  ground  oats  10,  alfalfa 
meal  5,  meat  scraps  5,  fish  meal  5,  dry 
skimmilk  2,  ground  limestone  2,  salt  0.5, 

Table  4. — Percent  mortality  of  females 


%i  '\r\'\ 

Age 

Percent  cane  molasses 

JliXp. 

None 

2 

4 

% 
6.6 

2.0 

6.6 
1.5 

1.5 
0 

6 

1 
1 

1 
1 

2 
2 

weeks 

0-12 

12-24 

6* 
20* 

0-12 
12-24 

% 
6.2 
2.6 

5.3 
8.8 

0.8 
5.4 

% 
9.6 

2.4 

8.8 
2.4 

2.0 
0 

% 
5.4 

2.6 

1.7 
1.5 

1.5 
0 

*  Females  were  removed  at  these  ages  because  of 
emaciation. 

and  cod  liver  oil  (400-D}  0.4  percent  by 
weight.  Mean  chemical  analyses  of  this 
ration  were  moisture  10.9,  protein  14.7, 
and  ash  6.9  percent.  Ground  yellow  corn  in 
the  basal  diet  was  replaced  by  2,  4,  and  6 
percent  feeding-cane  molasses  to  make  the 
three  molasses-containing  diets. 

The  molasses  was  incorporated  into  the 
ration  by  first  adding  the  required  amount 
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Table  5.— Mean  body  weight  of  males 


Percent  cane  molasses 

Age 

None 

2 

4 

6 

weeks 

1 

4 

8 

12 

gms. 

67 

231 

531 

956 

gms. 

66 

232 

538 

923 

gms. 

65 

236 

563 

920 

gms. 

66 

233 

549 

942 

Number 

181 

167 

182 

179 

of  the  cold,  undiluted  molasses  to  six  times 
its  weight  of  ground  yellow  corn.  The  mix- 
ture was  shoveled  back  and  forth  a  few 
times  on  the  floor  and  then  stored  in  burlap 
bags   for   two   days.   After   standing   that 
length  of  time  the  mixture  was  ground  in  a 
hammer  mill  using  a  three-sixteenths  inch 
mesh  screen.  No  difficulty  was  experienced 
with  sticking  and  a  granular  product  re- 
sulted, not  appreciably  finer  than  the  un- 
treated ground  corn  itself.   Rations  were 
mixed  at  approximately  monthly  intervals. 
Under   this  procedure   the  moisture   con- 

Table  6.— Mean  feed  intake  of  males 


pedigreed  and  66  non-pedigreed  chicks 
were  obtained  from  pullets  in  the  first  ex- 
periment. These  latter  367  chicks  were  fed 
the  same  diets  their  parents  had  received 
and  were  used  to  furnish  information  re- 
garding performance  of  a  second  generation 
on  the  respective  diets. 

At  six  weeks  of  age  all  males  were  trans- 
ferred to  wire  growing  batteries  where  they 
were  fed  the  same  diets  they  had  been  re- 
ceiving, and  were  removed  from  the  ex- 
periment at  12  weeks  of  age.  No  attempt 
was  made  in  the  first  experiment  to  equal- 

Table  7.— Mean  feed  efficiency  of  males  expressed  as 
pounds  of  gain  per  pound  of  feed  consumed 


Age 


Percent  cane  molasses 


weeks 
1-  4 
4-  8 
8-12 


None 


Total 


lbs. 
1.15 
2.72 
3.98 


7.85 


lbs. 
1.16 
2.65 
3.80 


7.61 


lbs. 
1.23 
2.96 
4.11 


8.30 


lbs. 
1.20 
2.87 
4.00 


8.07 


tents  of  the  four  rations  were  essentially 
equal  at  time  of  mixing. 

Started  in  the  first  experiment  were  936 
day-old  pedigreed  chicks  from  yearling 
hens  and  64  non-pedigreed  chicks  from  pul- 
lets of  The  Pennsylvania  State  College 
breeding  flock.  Each  hen's  chicks  were 
taken  in  turn  and  distributed  at  random 
among  as  many  as  possible  of  the  eight 
pens.  For  the  second  experiment  630  pedi- 
greed chicks  were  obtained  from  yearling 
hens  of  the  college  breeding  flock,  and  301 


Percent  cane  molasses 

Age 

None 

2 

4 

6 

weeks 
0-  6 
6-12 

0.266 
0.240 

0.265 
0.230 

0.263 
0.214 

0.259 
0.222 

ize  the  numbers  of  females  in  the  various 
pens  prior  to  the  beginning  of  the  laying 
period  or  the  numbers  of  males  placed  in 
the  battery  cages.  In  the  second  experiment 
a  total  of  74  pedigreed  males  at  6  weeks 
and  a  total  of  50  pedigreed  females  at  20 
weeks  of  age  were  removed  to  equalize  the 
numbers  in  the  several  pens  at  those  times. 
All  non-pedigreed  males  in  the  second  ex- 
periment were  removed  at  the  sixth  week, 
and  the  non-pedigreed  females  were  re- 
moved at  the  twentieth  week. 

Chicks  were  weighed  individually   and 
feed  intake  per  pen  was  recorded  at  weekly 

Table  S.— Percent  mortality  of  males 


Exp. 


Age 


1 
1 

2 
2 


weeks 
0-  6 
6-12 

0-  6 
6-12 


Percent  cane  molasses 


None 


% 
5.4 

3.1 

4.0 
0.9 


% 
4.5 

2.7 

7.4 
0 


% 
5.8 

2.1 

4.2 
0 


% 
3.1 
3.7 

3.3 
1.8 


intervals  from  1  to  12  weeks  of  age  and  at 
biweekly  intervals  thereafter.  The  chicks 
were  brooded  and  reared  in  a  continuous 
type  poultry  house,  care  and  management 
practices  being  kept  as  uniform  as  possible. 

Females 

Mean  body  weights  on  the  4  percent  diet 
were  higher  than  those  on  the  other  diets 
from  the  second  to  the  twenty-second  week, 
the  difference  being  statistically  significant 
only  at  the  eighth  week  (see  also  Table  10) . 
The  superiority  of  the  4  percent  group  over 
the  next  highest  group  was  3.6  percent  at  4 
weeks,  3.7  percent  at  8  weeks,  and  2.3  per- 
cent at  12  weeks  of  age. 

Growth  curves  for  the  0,  2,  and  6  percent 
groups  were  comparatively  close  together 
after  the  sixth  week.  Mean  body  weights  on 
the  2  and  6  percent  diets  were  lowest  up  to 
the  sixth  week.  A  study  of  relative  growth 
rates  in  different  phases  of  the  growing 
period  indicated  that  from  one  to  four 
weeks  of  age,  growth  on  the  4  percent  diet 
was  about  5  percent  faster  than  on  any  of 
the  other  diets.  Also  from  16  to  24  weeks, 
growth  on  the  6  percent  diet  was  7  percent 
greater  than  on  the  other  diets. 

Total  24-week  feed  intakes  on  the  4 
and  6  percent  diets  were  significantly  great- 
er than  those  on  the  0  and  2  percent  diets. 
Mean  feed  intake  on  the  no-molasses  diet 
was  lowest  during  all  phases  of  the  growth 
period  except  the  interval  from  8  to  12 
weeks  of  age. 

Mean  feed  efficiency  for  increase  in  body 
weight  throughout  the  growing  period  was 
lowest  in  the  molasses  fed  groups.  Differ- 
ences were  statistically  significant  only  for 
the  period  from  12  to  24  weeks  of  age, 
when  the  feed  efficiencies  on  the  2  and  4 
percent  diets  were  respectively  5  and  10 
percent  below  that  on  the  no-molasses  diet. 
A  rather  severe  coccidiosis  infestation 
occurred  early  in  the  first  experiment, 
which  contributed  largely  to  the  high  mor- 


tality. Beta  lactose,  mixed  into  enough  diet 
to  make  a  one  day  supply  of  a  15  percent 
lactose  diet,  was  used  at  weekly  intervals  up 
to  the  twelfth  week.  At  6  weeks  of  age  a 
total  of  26  extremely  emaciated  females 
were  removed  for  autopsy,  and  at  20  weeks 
21  more  females  were  removed  because  of 
the  same  condition.  Examination  showed 
essentially  the  same  frequency  of  disorders 
as  was  found  in  the  cases  of  mortality.  The 
use  of  beta  lactose  at  this  time  was  the  only 
instance  in  the  entire  experimental  work  in 
which  the  birds  had  access  to  any  other 
food  material  than  the  experimental  all- 
mash  diets  and  an  ad  libitum  supply  of 
oyster  shell,  grit,  and  water. 

No  disease  outbreaks  occurred  in  the  sec- 
ond experiment,  and  mortality  was  relative- 
ly low.  Although  total  losses  in  both  experi- 
ments were  lowest  on  the  two  high  molasses 
diets,  the  mean  differences  between  diets  in 
this  respect  were  not  significant. 

Males 

Males  fed  4  percent  molasses  in  the  diet 
were  highest  in  mean  body  weight  from  2 
to  10  weeks  of  age,  inclusive.  The  superior- 
ity was  greatest  at  the  eighth  week,  when 
this  group  was  6  percent  heavier  than  the 
no-molasses  group.  Mean  body  weight  at 
12  weeks  of  age  was  greatest  on  the  no- 
molasses  diet. 

Rates  of  growth  on  the  diets  containing 
molasses  were  higher  from  1  to  8  weeks  of 
age  and  lower  from  8  to  12  weeks  of  age 
than  the  corresponding  growth  rates  on  the 
no-molasses  diet.  However,  differences  in 
mean  body  weight  and  in  growth  rates  were 
not  statistically  significant. 

Feed  intakes  on  the  4  and  6  percent  diets 
were  consistently  higher  than  those  on  the 
0  and  2  percent  diets,  the  differences  in 
total  12 -week  feed  hi  take  being  significant. 
Mean  feed  efficiencies  on  the  molasses  diets 
were  below  those  on  the  no-molasses  diet, 
the  differences  between  diets  being  signifi- 
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Table  9. — Mean  body  weights  of  females  in  1939  and  their  progeny  in  1940 


Percent  cane  molasses 

Age 

None 

2 

4 

6 

None 

2 

4 

6 

Dams 

Female  progeny 

weeks 

1 

4 

8 
12 
16 
20 
24 

gms. 

67 

237 

559 

941 

1228 

1454 

1722 

gms. 

63 

215 

515 

875 

1176 

1463 

1624 

gms. 

68 

242 

544 

916 

1213 

1434 

1711 

gms. 

68 

220 

517 

921 

1240 

1549 

1829 

gms. 

65 

209 

512 

881 

1208 

1420 

1594 

gms. 

62 

185 

461 

795 

1119 

1326 

1534 

gms. 

65 

219 

546 

895 

1207 

1405 

1591 

gms. 

63 

193 

490 

845 

1192 

1413 

1703 

Number 

11 

11 

14 

9 

ZZ 

22 

2>Z 

Z?> 

Age 

Da 

^— — ^— .— — _ 

ms 

Male  progeny 

1 

4 

8 

12 

67 
233 

554 
933 

64 
218 
530 
891 

67 
241 
542 
913 

67 
221 
514 
922 

68 

231 

554 

1004 

65 

205 
485 
843 

67 
243 
613 
981 

66 
213 
515 
906 

Number 

13 

10 

13 

11 

Z3> 

36 

45 

44 

cant  in  the  period  from  6  to  12  weeks  of 
age.  In  this  period  the  no-molasses  group 
was  highest  and  the  4  percent  group  was 
lowest  in  feed  efficiency,  the  difference  being 
almost  11  percent. 

Mortality  was  essentially  equal  on  the 
four  diets.  No  significant  relationship  has 
been  observed  between  the  amount  of  mo- 
lasses in  the  diet  and  the  incidence  of  any 
of  the  diagnosed  causes  of  mortality  among 
either  the  males  or  the  females. 

No  differences  between  diets  were  notice- 
able in  the  outward  appearance  of  the 
birds.  The  laxative  effect  of  the  6  percent 
molasses  diet  was  very  slight,  and  did  not 
present  any  practical  difficulties  with  re- 
gard to  dryness  of  litter  on  the  floor. 

Second  Generation 

In  Table  9  is  shown  the  comparative 
growth  of  certain  females  in  the  first  ex- 
periment and  their  female  and  male  pro- 
geny on  the  same  diets  in  the  second  ex- 
periment. The  1939  females  selected  were 
those  with  highest  egg  production  and  fer- 
tility. Only  eggs  weighing  52  grams  and 


over  were  used.  This  method  of  selection 
accounts  partly  for  the  variation  in  initial 
weight  and  numbers  of  progeny. 

With  few  exceptions  the  mean  weights  of 
female  progeny  were  below,  but  quite  close 
to,  the  corresponding  weights  of  their  par- 
ents until  about  the  sixteenth  week  of  age. 
The  smallest  difference  in  growth  between 
the  two  generations  occurred  on  the  4  per- 
cent diet.  The  characteristic  rank  of  the 
female  progeny  on  the  four  diets  was  es- 
sentially identical  with  that  of  their  parents 
throughout  the  growth  period.  At  24  weeks 
of  age  the  6  percent  diets  were  highest,  the 
4  and  0  percent  diets  intermediate,  and 
the  2  percent  diets  lowest  in  body  weight. 

The  growth  curve  of  the  male  progeny 
on  the  6  percent  diet  was  almost  the  same 
as  that  of  their  female  parents.  From  8  to 
12  weeks  of  age  mean  body  weights  of  the 
male  progeny  on  the  0  and  4  percent  diets 
were  greater  than  those  of  their  female 
parents,  while  weights  of  male  progeny  on 
the  2  percent  diet  were  less  than  those  of 
their  dams.  Males  on  the  0  and  4  percent 
diets  were  heaviest  at  12  weeks  of  age. 
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Table  \Q.~Siimmary  of  criteria  in  which  dietary  differences  were  significant,  showing 

significance  of  dijfferences  between  diet  means 


Criterion 


Females 
Mean  body  weight. . 
Mean  feed  intake. . . , 
Mean  feed  intake. . . 
Mean  feed  elliciency , 

Males 
Mean  feed  intake. . . 
Mean  feed  elTiciency, 


Age  in 
weeks 


8 

1-  4 

1-24 

12-24 


1-12 
6-12 


F  (anal,  of 
var.) 


S 
HS 
HS 
HS 


S 

s 


Percent  cane  molasses  in  diets  compared 


0:2 


0:4 


HS 
HS 
HS 
HS* 


S 

s* 


0:6 


S 
HS 


2:4 


HS 
HS 
HS 
HS* 


HS 


2:6 


S 
HS 

S 


S 


4:6 


HS^ 


HS 


*  In  these  five  instances  of  significant  differences  between  diet  means,  the  lower  molasses  diet  had  the 
higher  value.  In  the  remaining  15  instances  the  higher  molasses  diet  had  the  higher  value.  S(significant) 
and  HS  (highly  significant)  refer  to  significance  at  the  points  of  probability  of  0.05  and  0.01,  respectively. 
Dashes  indicate  non-significant  differences. 


Mortality  among  the  female  progeny 
was  0,  7.8,  2.9,  and  0  percent  on  the  0,  2, 
4,  and  6  percent  diets,  respectively.  Mortal- 
ity among  the  males  was  2.9,  7.7,  4.2,  and 
6.4  percent  on  the  0,  2,  4,  and  6  percent 
diets,  respectively.  No  reasons  were  evident 
for  the  higher  mortality  in  the  2  percent 
females  or  the  2  and  6  percent  males. 

DISCUSSION 

Statistical  analyses  were  conducted  on 
each  criterion  of  performance,  considera- 
tion being  given  to  essentially  all  possible 
arrangements  and  combinations  of  the  data. 
In  only  six  instances,  listed  in  Table  10, 
were  significant  differences  found  between 
diet  means.  In  all  other  criteria  the  mean 
performances  on  the  four  diets  were  within 
the  limits  of  normal  variation. 

With  regard  to  both  males  and  females, 
analyses  of  variance  have  shown  that  in 
almost  all  criteria  in  these  experiments  the 
relative  performance  on  the  four  diets  in 
one  series  of  four  pens  was  not  significantly 
different  from  that  in  the  duplicate  series. 
Furthermore,  in  most  criteria  the  relative 
performance  on  the  four  diets  in  the  first 
experiment  was  not  significantly  different 
from  that  in  the  second  experiment.  For 
these  reasons,  mean  values  for  the  four 
pens  on  each  diet  were  given  in  the  tables. 


SUMMARY 

Statistical  analyses  of  the  results  of  two 
experiments  involving  746  females  up  to 
24  weeks  of  age  and  867  males  up  to  12 
weeks  of  age  showed  that,  in  most  criteria, 
the  mean  performances  on  all-mash  diets 
containing  0,  2,  4,  and  6  percent  feeding- 
cane  molasses  were  within  the  limits  of 
normal  variation. 

The  evidence  seems  to  indicate  that  the 
4  percent  cane  molasses  diet  had  a  slight 
early-growth  stimulative  effect  upon  both 
sexes.  Growth  of  the  second  generation  on 
the  4  percent  diet  was  relatively  slightly 
superior  to  the  growth  of  second  genera- 
tions on  the  other  diets. 

Total  feed  intake  for  the  growing  period 
was  increased  significantly  by  the  inclusion 
of  4  and  6  percent  cane  molasses.  Feed 
efficiency  was  highest  on  the  no-molasses 
diet. 
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Deposition  of  Lead  from  Lead  Arsenate  Spray  Mixtures  and 
Its  Retention  on  Pyralin  Plates  and  Apple  Leaves  and  Fruits^ 

H.  N.  WoRTHLEY  and  D.  E.  H.  Frear,  Pennsylvania  State  College, 

State  College,  Pa? 


The  desirability  of  a  rapid  laboratory 
method  by  which  the  deposition  and  re- 
tention of  a  given  spray  mixture  may  be 
quickly  evaluated  is  obvious.  Such  a 
method,  if  it  should  correlate  reasonably 
well  with  field  results,  would  enable  the 
investigator  to  test  a  relatively  large  num- 
ber of  possible  combinations  of  spray  ma- 
terials, and,  by  elimination,  select  for  field 
testing  those  giving  the  greatest  deposit 
and  the  highest  degree  of  retention  of  the 
active  constituents. 

Various  laboratory  methods  for  testing 
sprays  have  been  devised.  McCallan  & 
Wilcoxon  (1940)  have  discussed  at  some 
length  the  theoretical  basis  for  such  tests 
as  applied  to  fungicides,  as  have  Horsfall 
et  al.  (1940).  Hensill  &  Hoskins  (1935), 
Hoskins  &  Wampler  (1936)  and  Ben- 
Amotz  &  Hoskins  (1937)  have  devised 
laboratory  methods  for  testing  the  dep- 
osition and  retention  of  insecticides  in 
order  to  study  certain  of  the  fundamental 
factors  involved  in  the  process.  In  these 
investigations  the  laboratory  work  has  not 
been  correlated  with  field  studies.  Dawsey 
et  al.  (1937),  however,  have  made  a  com- 
parison of  laboratory  and  field  results  in 
their  study  of  oil  deposits.  Apparently 
little  work  has  been  done  on  the  correla- 
tion of  laboratory  and  field  investigations 
in  the  case  of  one  of  the  most  commonly 
used  orchard  insecticides,  lead  arsenate. 

In  the  present  paper  the  authors  report 
studies  of  relative  deposition  and  reten- 
tion of  lead  in  a  series  of  spray  mixtures 
containing  lead  arsenate.  Results  secured 
in  the  laboratory  are  compared  with  field 
records  of  the  use  of  the  same  mixtures  on 
apple  foliage  and  fruits. 

Laboratory  Spray  Apparatus  and 
Procedure. — The  spraying  device  used  in 
the  laboratory  is  shown  in  figure  1 .  Essen- 
tially it  consisted  of  a  turntable  of  heavy 
plywood  48  inches  in  diameter  connected 
through  a  reducing  gear  to  a  constant 
speed  motor  of  the  synchronous  type,  to 

1  Authorized  for  publication  on  December  5,  1941,  as  Paper 
No.  1066  in  the  Journal  of  the  Pennsylvania  Agricultural 
Experiment  Station.  , 

»  Professor  of  Economic  Entomolo^  and  Assistant  Professor 
of  Agricultural  and  Biological  Chemistry,  respectively. 


give  a  speed  of  14  revolutions  per  minute. 
On  the  upper  surface  at  the  periphery  of 
the  turntable  were  placed  22  wooden 
blocks  4  inches  high  and  approximately  6 
inches  wide.  The  outer  surface  of  each 
block  was  so  beveled  as  to  present  a  rec- 
tangular surface  approximately  5  by  6 


Fig.  1. — Spray  turntable  assembly  used  to  study 
spray   deposit   and   retention    on    Pyralin    plates. 

inches  at  an  angle  of  45  degrees  to  the 
horizontal  table  surface.  The  spray  was 
applied  by  a  large  commercial  atomizer 
type  sprayer,  such  as  is  used  in  automobile 
painting,  directed  at  right  angles  to  the 
sprayed  surfaces,  and  at  a  distance  of  ap- 
proximately 24  inches.  The  liquid  to  be 
sprayed  was  contained  in  a  beaker  im- 
mediately below  the  atomizer,  and  kept 
under  continuous  agitation  by  means  of 
an  electric  stirrer.  The  air  pressure  used  in 
these  experiments  was  kept  constant  at 
120  pounds  per  square  inch.  The  room  in 
which  the  apparatus  was  located  was  kept 
at  a  nearly  constant  temperature  and  rela- 
tive humidity. 

The  surfaces  upon  which  the  liquids 
were  sprayed  were  cut  from  sheets  of 
Fyraliiiy  a  cellulose  nitrate  plastic  film 
manufactured  by  the  E.  I.  duPont  de  Ne- 
mours Co.  Pyralin  was  chosen  for  this 
study  after  an  investigation  of  a  number 
of  synthetic  surfaces.  A  macroscopic  ex- 
amination of  the  deposits  produced  on 
this  surface  indicate  a  close  similarity  to 
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those  produced  on  certain  natural  plant 
surfaces.  The  film,  which  was  0.0125  inch 
thick,  was  cut  into  plates  5  inches  square, 
one  of  which  was  pinned  to  each  beveled 
surface  of  20  of  the  blocks  on  the  turn- 
table. The  plates  were  always  handled 
with  rubber  gloves  prior  to  spraying  and 
by  the  edges  after  spraying.  All  plates 
were  cut  from  the  same  manufacturer's 
lot  of  material. 

In  spraying  the  turntable  was  started 
and  the  atomizer  was  turned  on,  the  first 
spray  being  caught  in  a  larger  beaker. 
After    a    few    seconds    the    beaker    was 
quickly  removed,  and  the  spray  allowed 
to  strike  the  rotating  plates.  Rather  than 
adopt   a   standard   spraying   time,   or   a 
standard  amount  of  spray  material,  spray- 
ing  was   continued    until    the   deposited 
drops  started  to  coalesce  (smgle  dosage). 
The  number  of  revolutions  of  the  turn- 
table  necessary    to   produce    this    effect 
varied  with  the  different  mixtures  em- 
ployed. With  a  second  series  of  applica- 
tions,   spraying   was   continued    through 
twice  the  number  of  revolutions  used  in 
the  first  series  (double  dosage),  in  order  to 
study    the   effect   of   overspraying.    The 
plates  were  allowed  to  dry,  and  were  then 
removed  and  hung  in  a  protected  place  for 
15  days.  At  the  end  of  this  time,  15  of  the 
plates  were  placed  on  the  turntable  as 
before,  rotated,  and  sprayed  with  250  ml. 
of  distilled  water.  After  drying,  five  of  the 
plates  were  removed  and  the  remaining 
ten  sprayed  with  an  additional  portion  of 
250  ml.  of  water.  Of  the  original  20  plates, 
5  received  no  washing,  5  received  250  ml. 
of  water,  5  received  500  ml.,  and  5  re- 
ceived 750  ml.  The  exact  amount  of  wash 
water  per  unit  area  of  the  plates  was  not 
determined. 

After  the  washing  all  plates  were  trim- 
med to  exactly  10X10  cm.  in  size  and 
thoroughly  washed  with  hot  nitric  acid 
(1-f  1).  The  washings  from  each  plate 
were  made  to  a  definite  volume  and  were 
analyzed  for  lead.  Figures  reported  are 
averages  of  duplicate  tests  of  both  smgle 
and  double  dosages. 

Field  Spray  Apparatus  and  Proce- 
dure.—In  the  field,  14  mature  Stayman 
Winesap  trees  were  selected.  Each  was 
sprayed  with  one  of  the  mixtures  as  used 
in  the  laboratory.  The  sprays  were  applied 
with  a  single-nozzle  spray  gun  from  a 
power  sprayer  that  delivered  10  gallons 
per  minute  at  about  350  pounds  pressure 


per  square  inch.  To  minimize  the  effect  of 
drip  from  above  the  zone  in  which  leaf  and 
fruit  samples  were  taken,  the  application 
was  confined  to  the  lower  branches  10  feet 
or  less  above  the  ground.  These  were 
sprayed  thoroughly,  and  with  a  special 
effort  at  uniformity,  both  from  inside  and 
outside  the  foliage  wall.  However,  the 
mixtures  containing  deposit  builders  were 
not  applied  in  greater  amounts  than  the 
others.  Some  run-off  occurred  from  each 
tree. 

With  a  specially  designed  leaf  punch  100 
discs  were  cut  from  leaves  near  the  center 
of  current  season  twig  growth  selected  at 
random  about  the  periphery  of  each  tree. 
Each  disc  had  an  area  of  11  square  centi- 
meters. Samples  were  taken  on  July  23 
before  and  after  spraying.  To  reveal  the 
degree  of  retention,  further  samples  were 
taken  on  August  5,  August  13,  August  18 
and  September  10,  after  precipitation  to- 
talmg  0.91,  1.23,  3.30,  and  7.25  inches  on 
the  respective  dates.  The  samples  were 
dried  at  100°  C,  weighed  and  ground. 
Aliquot  portions  of  the  dried  leaves  were 
ashed,  the  ash  dissolved  in  nitric  acid  and 
analyzed  for  lead. 

Fruit  samples  of  30  apples  each  were 
taken  at  the  same  time  as  the  leaf  samples. 
These  apples  were  cored  with  a  cork  borer, 
and  the  remainder  of  the  fruit  peeled.  The 
peels  from  the  fruit  surfaces  (excluding 
the  stem  and  calyx  ends  removed  with  the 
cores)  were  digested  with  nitric  and  sul- 
furic acids,  and  when  all  organic  matter 
was  removed  were  made  to  volume  and 
analyzed  for  lead. 

Analytical  Procedure. — The  samples 
were  analyzed  for  lead  by  the  sulfide 
method  in  essentially  the  same  manner  as 
described  by  Frear  and  Haley  (1934).  An 
Evelyn  photoelectric  colorimeter  was 
used,  with  a  filter  transmitting  in  the 
neighborhood  of  400  millimicrons. 

Spray  Mixtures  Used. — The  compo- 
sition of  the  various  mixtures  used  in  this 
experiment  is  given  in  table  1.  All  were 
selected  because  of  interest  in  their  use  in 
apple  spray  schedules  in  the  eastern 
states.  In  preparing  the  homemade  "dy- 
namite" sprays — treatments  13  and  14, 
mixtures  A  and  B  were  beaten  together  to 
form  a  creamy  emulsion.  This  was  poured 
into  the  spray  suspension  to  give  the  final 
dilution,  and  was  sprayed  out  with  as 
little  agitation  as  possible.  In  the  field,  too 
much  agitation  in  the  spray  tank  caused 
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the  lead  arsenate  particles  in  treatment  13 
to  flocculate  into  relatively  large  clumps. 
As  spraying  proceeded,  these  clumps  ad- 
hered to  the  sides  of  the  spray  tank,  and 
to  the  agitator  shaft  and  blades,  and 
served  to  reduce  greatly  the  deposition  of 
lead  arsenate  on  the  trees.  The  presence  of 
bordeaux  mixture  in  treatment  14  pre- 
vented the  formation  of  large  floes. 

Laboratory  Studies. — The  Pyralin 
plates  sprayed  and  washed  in  the  labora- 
tory as  described  above,  when  analyzed 
for  lead,  gave  results  as  shown  in  figure  2. 
The  amounts  deposited  by  the  different 
spray  mixtures  ranged  from  66  to  455  mil- 
ligrams per  square  meter  of  plate  surface, 
and  thus  fell  within  the  limits  reported  in 
earlier  publications  (Frear  &  Worthley, 
1937,  1940)  for  spray  applications  to  apple 
foliage  and  fruits. 

In  treatments  1  through  4  no  deposit 
builders  were  used.  Overspraying  with 
lead  arsenate  alone  however  (treatment  1) 
produced  the  greatest  buildup  of  any  mix- 
ture employed,  although  the  deposit  pro- 
duced was  readily  removed  by  washing.  A 
striking  effect  was  noted  when  liquid  lime 
sulfur  and  hydrated  lime  were  added  to 
the  spray  mixture  (treatment  2).  Not  only 
was  the  initial  deposit  extremely  low,  but 
overspraying  resulted  in  an  actual  loss  of 
material.  Manganese  sulfate  and  skim- 
milk  powder  added  to  the  lead  arsenate- 
lime  sulfur  mixture  gave  a  relatively  low 
initial  deposit  of  lead,  considerable  build- 
up through  overspraying,  and  excellent 
retention.  With  bordeaux  mixture  (treat- 
ment 4)  the  original  deposit  was  low  and 
the  buildup  negligible,  although  retention 
remained  excellent. 

Proprietary  deposit  builders  were  em- 
ployed in  treatments  5  through  12,  being 
used  with  lead  arsenate  alone  in  treat- 
ments 5,  8,  and  10.  Two  of  these  materials 
gave  a  high  initial  deposit,  marked  build- 
up in  overspraying,  and  excellent  reten- 
tion. The  third  was  relatively  poor.  With 
one  deposit  builder  the  addition  of  finely 
divided  sulfur  (treatment  6)  appeared  to 
increase  the  initial  deposit  and  decrease 
the  buildup  slightly,  but  showed  little 
effect  upon  retention.  The  addition  of 
bordeaux  mixture  (treatments  7,  9,  11)  in 
all  cases  interfered  with  the  action  of  the 
deposit  builder.  The  interference  with 
buildup  and  retention  was  most  pro- 
nounced where  Copper  Hydro  and  lime 
were  used  (treatment  12). 


Table  1. — Composition  of  spray  mixtures  used 
in  laboratory  and  field. 


Treat- 
ment 
Number               Materials 

Amounts 
PER  100 
Gallons 

1 

Acid  lead  arsenate 

3.0  lbs. 

2 

Acid  lead  arsenate 
Hydrated  lime 
Liquid  lime  sulfur 

3.0  lbs. 
5.0  lbs. 
1.3  gals. 

3 

Acid  lead  arsenate 
Skim  milk  powder 
Manganese  sulfate 
Liquid  lime  sulfur 

3.0  lbs. 
0.5  1b, 
0.25  1b. 
1.3  gals. 

4 

Acid  lead  arsenate 
Skim  milk  powder 
Powdered  copper  sulfate 
Hydrated  lime 

3.0  lbs. 
0.5  1b. 
2.0  Ihs.^ 
4.0  lbs. 

5 

Acid  lead  arsenate 
Orthex 

3.0  lbs. 
1.0  qt. 

6 

Acid  lead  arsenate 
Mike  sulfur 
Orthex 

3.0  lbs. 
2.0  lbs. 
1.0  qt. 

7 

Acid  lead  arsenate 
Powdered  copper  sulfate 
Hydrated  lime 
Orthex 

3.0  lbs. 
2.0  lbs. 
4.0  lbs. 
1.0  qt. 

8 

Acid  lead  arsenate 
Spraylastic 

3.0  lbs. 
1.5  pts. 

9 

Acid  lead  arsenate 
Powdered  copper  sulfate 
Hydrated  lime 
Spraylastic 

3.0  lbs. 
2.0  lbs. 
4.0  lbs. 
1 . 5  pts. 

10 

Acid  lead  arsenate 
Colloidal  77-C 
OHhol-K 

3.0  11)8. 
0.25  1b. 
2.0  qts. 

11 

Acid  lead  arsenate 

CoUoUal  77-C 

OHhol-K 

Powdered  copper  sulfate 

Hydrated  lime 

3.0  lbs. 
0.25  1b. 
2.0  qts. 
2.0  lbs. 
4.0  lbs. 

n 

Acid  lead  arsenate 
Colloidal  77-C 
Orthol-K 
Copper  Hydro 
Hydrated  lime 

3.0  lbs. 
0.25  1b. 
2.0  qts. 
1.0  lb. 
4.0  lbs. 

13 

Acid  lead  arsenate 

Oleic  acid 
A  \  28%  ammonium  hydroxid( 

Water 

3.0  lbs. 
100  ml. 
e  150  ml. 
1000  ml. 

B  fFuel  oil 

\Menhaden  fish  oil 

3.0  pts. 
1.0  pt. 

14 

Acid  lead  arsenate 
Powdered  copper  sulfate 
Hydrated  lime 
A  and  H  as  in  treatment  13 

3.0  lbs. 
2.0  lbs. 
4.0  lbs. 
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A  home  made  deposit  builder  was  used 
with  lead  arsenate  alone  in  treatment  13. 
The  initial  deposit  compared  well  with  the 
mixtures  that  employed  proprietary  de- 
posit builders,  and  retention  was  even 
better.  The  buildup  through  overspraying, 
however,  was  relatively  slight.  The  ad- 


of  the  experimental  spray  mixtures,  and 
to  apply  to  this  figure  the  per  cent  reten- 
tion as  calculated  from  the  analysis  of 
samples  taken  after  successive  increments 
of  rainfall. 

An    original   intention   not   to  include 
fruits  in  this  study  was  reversed  after  the 
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Fig.  2.— Deposition  and  retention  of  lead  in  laboratory  spray  treatments.  In  each  figure  vertical  height  at  left 
margin  indicates  extent  of  buildup  with  double  dosage.  Slope  of  upper  and  lower  edges  shows  respectively, 
the  rate  of  loss  from  artificial  rainfall  from  double-sprayed  and  single-sprayed  plates.  Cross-hatching  indi- 
cates lower  amount  of  lead  on  double-sprayed  plates. 


dition  of  bordeaux  mixture  (treatment  14) 
reduced  the  initial  deposit  of  lead  some- 
what, but  appeared  to  improve  the  build- 
up, and  did  not  interfere  with  retention. 
Field  Studies.— The  trees  available 
for  the  study  bore  a  light  crop  of  fruit,  and 
had  already  received  a  complete  schedule 
of  sprays,  the  last,  of  lead  arsenate  and 
weak  bordeaux  mixture,  applied  in  late 
June.  The  experimental  treatments  were 
applied  nearly  a  month  later,  on  July  23. 
At  this  time  residues  were  determined  on 
the  leaves  by  taking  a  sample  for  analysis 
from  each  tree  before  the  experimental 
treatment.  Thus  it  was  possible  to  deter- 
mine the  amount  of  lead  deposited  by  each 


spray  application,  when  arrangements 
were  made  for  the  additional  analyses,  and 
the  crop  on  most  trees  was  deemed  ade- 
quate to  supply  a  few  comparable  samples. 
Lead  residues  on  the  fruits  were  not  deter- 
mined before  spraying.  Figures  for  the 
fruit  analyses  were  calculated  on  the  basis 
of  the  average  fruit  area  after  the  experi- 
mental spray  application,  at  the  time  of 
the  first  sampling.  This  gave  results  of  the 
same  order  as  calculating  the  deposit  in 
terms  of  the  amount  per  fruit,  but  had  the 
advantage  of  presenting  the  data  in  a  form 
comparable  to  the  leaf  and  Pyralin  plate 
analyses,  with  the  apparent  loss  due  to 
fruit  growth  excluded. 
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Figures  derived  from  the  leaf  and  fruit 
samples  taken  in  the  field,  and  treated  to 
make  them  comparable  with  those  ob- 
tained in  the  laboratory,  appear  in  table  2. 
For  comparison,  the  analyses  of  the  over- 
sprayed  plates  are  included. 

Considering  the  laboratory  method  as 
a  means  of  discovering  spray  mixtures 
that  will  prove  to  be  superior  in  field  trials, 
it  is  important  to  examine  the  order  in 
which  the  treatments  rank  with  respect  to 
the  deposition  and  retention  of  lead  on  the 
three  surfaces  employed  in  this  study. 
Treatments  that  rank  among  the  first  five 
in  both  deposition  and  retention  on  the 
plates  are  Nos.  5,  6,  and  10  (table  2). 
These  treatments  are  also  among  the  first 
five  on  the  leaves  in  both  points.  Treat- 
ment 10  gave  a  high  ranking  deposit  on 
the  fruit,  but  lost  rank  in  retention  on  this 
surface.  Treatment  G  gave  the  best  de- 
posit and  highest  degree  of  retention  on 
the  fruits.  The  close  correspondence  be- 
tween treatment  6  and  treatment  5  on 
both  plates  and  leaves  might  justify  the 
assumption  that  lead  analyses  for  treat- 
ment 5  on  the  fruits,  samples  of  which 
were  accidentally  destroyed  during  diges- 
tion, would  have  ranked  among  the  first 
five.  Treatments  1  and  8  showed  a  high 
deposit  of  lead  on  the  plates,  but  relatively 
poor  retention.  Neither  treatment  appears 
among  the  leading  five  on  leaves  or  fruits. 

Similarly,  when  judged  by  both  criteria, 
at  least  three  treatments  that  gave  poor 
results  in  the  laboratory  (Nos.  1,  2,  and  4) 
failed  to  do  well  in  the  field.  Thus  the 
comparisons  allow  it  to  be  stated  with 
some  confidence  that  lead  arsenate  alone 
or  in  mixture  with  liquid  lime  sulfur  and 
lime  or  copper  sulfate  and  lime  produces 
relatively  inferior  lead  deposits;  that  very 
satisfactory  lead  levels  may  be  reached  and 
maintained  through  use  of  certain  pro- 
prietary deposit  builders,  when  these  are 
used  with  lead  arsenate  alone  or  with  lead 
arsenate  and  wettable  sulfur;  but  that  the 
deleterious  effect  of  bordeaux  mixture  on 
the  lead  deposit  from  these  mixtures,  as 
revealed  in  the  laboratory  tests  is  not 
certain  as  judged  by  the  field  results.  The 
good  qualities  of  some  treatments  were 
not  discovered  in  the  laboratory  tests, 
and  there  were  others  whose  behavior 
was  quite  different  on  the  three  surfaces 
studied.  Treatment  11  is  a  good  example. 
Lead  deposit  from  this  treatment  was  very 
poor  on  the  plates,  and  superior  retention 


raised  it  in  rank  only  to  the  middle  of  the 
series.  The  i)erformance  of  this  mixture 
was  distinctly  better  on  the  leaves,  and  it 
ranked  among  the  first  five  on  the  fruits. 
Treatment  7  is  another  that  in  most  de- 
terminations ranked  higher  on  leaves  and 
fruits  than  on  the  plates. 

Table  2. — Deposition  and  retention  of  lead 
from  lead  arsenate  spray  applications  on  Pryalin 
plates,  and  on  leaves  and  fruits. 


Plates 

L 

EAVES 

F 

RIJITS 

Treat- 

M^. per 

Treat- 

Mk- per 

Treat- 

Mg. per 

ment 

Sq.  M. 

ment 

Sq.  M. 

ment 

Sq.  M. 

Lead 

1  )eposite(l 

1 

455 

5 

388 

6 

205 

10 

389 

6 

370 

11 

203 

6 

343 

10 

306 

10 

189 

5 

327 

9 

333 

12 

180 

8 

249 

7 

308 

14 

164 

U 

235 

14 

278 

4 

148 

13 

232 

11 

253 

8 

145 

14 

211 

12 

227 

IS 

143 

3 

176 

9 

213 

1 

134 

7 

173 

4 

211 

7 

117 

0 

140 

1 

186 

2 

111 

11 

141 

2 

170 

S 

109 

4 

94 

8 

156 

5 

Lost 

2 

72 

13 

139 

0 

lyOSt 

Lead  Remaining 

After  spraviriR  with 

Tl.ree 

250-nil. 

After  Natural  llxposure  to  7.25  inehe.s 

Portions 

of  Water 

of  Rain 

fall 

10 

317 

10 

260 

6 

148 

5 

278 

5 

203 

12 

143 

0 

271 

6 

175 

11 

131 

13 

222 

7 

160 

14 

130 

U 

209 

11 

148 

7 

111 

7 

100 

12 

128 

10 

88 

3 

149 

14 

125 

2 

88 

11 

124 

3 

84 

1 

84 

8 

105 

2 

82 

8 

88 

9 
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80 

8 

87 

li 

82 

13 

76 

4 

36 

4 

79 

4 

76 

5 

Lost 

1 

62 

8 

66 

• 

Lost 

2 

32 

1 

43 

18 

Ix)st 

The  figures  for  lead  on  leaves  and  fruits 
in  table  2  fail  to  show  a  close  correspond- 
ence. Results  secured  from  analyses  of 
leaves  can  scarcely  be  used  to  reveal  lead 
levels  on  the  fruits.  There  was  a  better 
correspondence  between  leaves  and  plates. 

Discussion. — Hensill  &  Hoskins  (1935) 
explained  the  selection  of  a  beeswax  sur- 
face for  laboratory  investigations  of  spray 
deposits  in  the  following  statement:  "Since 
the  surfaces  of  fruit  and  leaves  are  ex- 
tremely varied  and  change  with  age,  it 
seemed  advisable  to  use  an  artificial  sur- 
face which  was  of  constant  properties  and 
easily  reproducible."  The  authors  have 
stated  (Frear  &  Worthley,  1937,  1940), 
and  Fahey  &  Rusk  (1939)  have  developed 
more  fully  the  point  that  under  field  con- 
ditions rainfall  may  be  only  a  minor 
factor  involved  in  the  weathering  away  of 
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lead  arsenate  spray  deposits.  The  latter 
authors  have  considered  in  detail  the  con- 
ditions that  should  surround  the  selection 
of  apple  fruit  samples  for  the  chemical 
determination  of  spray  residues. 

In  the  present  study  the  sprays  were 
applied  to  clean  Pyralin  plates.  The  leaf 
and  fruit  surfaces,  however,  already  bore 
some  spray  material.  The  possibility  that 
both  deposit  and  retention  of  spray  mix- 
tures may  be  different  on  Pyralin  plates 
that  already  bear  a  spray  film  is  the  sub- 
ject of  further  study.  It  is  proposed  also 
to  compare  deposits  produced  by  the  lab- 
oratory spraying  apparatus  described 
with  those  obtained  through  the  use  of  a 
positive  displacement  pump  and  orchard 
type  spray  nozzle. 

One  source  of  error  inherent  in  the  at- 
tempt to  reduce  the  fruit  figures  to 
amounts  per  standard  unit  of  surface  can 
be  minimized  only  by  the  replication  of 
treatment  and  sampling  on  several  trees. 
This  error  arises  first  from  the  fact  that  in 
taking  the  fruit  samples  the  assumption 
must  be  made  that  the  apples  taken  on  a 
given  date  were  of  the  same  size  at  the 
date  of  spraying  (and  consequently  re- 
ceived about  the  same  amount  of  spray 
material)  as  their  neighbors  selected  for 
analysis  immediately  after  the  application. 
A  second  contributing  factor  is  the  error 
caused  by  differences  in  the  exposure  of 


different  fruits  to  the  spray  application, 
and  later  to  rainfall,  drip  from  higher 
branches,  wind  action,  and  mechanical 
brushing.  Doubtless  other  sources  of  error 
help  to  increase  the  difficulties  involved  in 
comparing  laboratory  and  field  spraying, 
especially  where  expanding  plant  surfaces 
are  involved. 

Conclusions. — ^The  present  laboratory 
study  has  revealed  certain  interesting  re- 
lationships in  the  deposition  and  retention 
of  lead  from  various  spray  mixtures.  Cer- 
tain of  these  were  substantiated  by  the 
parallel  field  experiments.  Further  study 
is  necessary  to  develop  methods  by  which 
laboratory  investigations  of  spray  deposi- 
tion and  retention  on  artificial  surfaces 
may  safely  be  used  to  forecast  field  results 
with  the  same  spray  mixtures  applied  to 
various  plant  surfaces. 

It  is  recognized  that  certain  funda- 
mental factors  affecting  the  deposition 
and  retention  of  spray  materials  can  best 
be  investigated  through  laboratory  proce- 
dures that  involve  the  use  of  a  standard, 
artificial  surface.  However,  until  it  can  be 
shown  that  such  a  method  gives  results 
that  correlate  well  with  those  secured  in 
field  appHcations  to  the  plant  surfaces  in 
question,  it  should  be  used  with  caution 
as  denoting  the  effect  of  adjuvant  ma- 
terials on  deposition  and  retention  of  lead 
arsenate  in  field  applications. — 11-23-42. 
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CAROTENE  IN  CALF  NUTRITION^ 
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The  indispensable  nature  of  vitamin  A  in  the  ration  of  dairy  calves  was 
shown  by  Jones,  Eckles  and  Palmer  (8)  as  early  as  1926.  Bechdel,  Eekles 
and  Palmer  (1)  reported  similar  findings  the  same  year.  Hart  and  Guilbert 
(7)  found  that  a  vitamin  A  deficiency  developed  in  cattle  under  range  con- 
ditions during  unusually  long  seasons  of  dry  feeding.  Guilbert  and  Hart 
(4)  reported  that  26-33  micrograms  of  carotene  from  alfalfa  per  day  per 
kilogram  of  body  weight  was  sufficient  to  prevent  or  cure  vitamin  A  de- 
ficiency in  cattle.  Guilbert,  Miller  and  Hughes  (5)  also  reported  the  mini- 
mum carotene  requirement  for  cattle,  sheep  and  swine  to  be  between  25  and 
30  micrograms  per  day  per  kilogram  of  body  weight.  The  vitamin  A  re- 
quirement was  found  to  be  6-8  micrograms  daily  per  kilogram  of  body 
weight.  However,  data  obtained  by  Halverson,  Hostetler,  Foster  and  Sher- 
wood (6)  indicated  that  the  minimum  daily  carotene  requirement  of  cattle 
was  43  to  55  I.  U.  per  kilogram  of  body  weight. 

Moore  (10)  found  that  a  carotene  intake  of  about  16  micrograms  per 
pound  of  body  weight  per  day  was  sufficient  to  maintain  plasma  carotene  at 
0.2  microgram  per  milliliter,  to  prevent  nyctalopia  and  to  maintain  a  fair 
state  of  general  health.  When  plasma  carotene  values  fell  below  0.13  micro- 
gram per  milliliter,  nyctalopia  and  papillary  edema  were  found  to  follow. 
Converse  and  Meigs  (2)  concluded  that  because  of  the  greater  susceptibility 
of  calves  to  various  calf  ailments  during  the  first  3-4  months  of  life  than  at 
older  ages  they  need  a  more  generous  allowance  of  vitamin  A  than  at  older 
ages.  These  workers  concluded  that  the  California  standard  (4)  is  less  than 
one-third  of  the  optimum  for  calves  between  3  and  180  days  of  age.  Ward, 
Bechdel  and  Guerrant  (12, 13)  found  that  11  micrograms  of  carotene  from  a 
carotene  concentrate  per  pound  of  body  weight  per  day  prevented  vitamin 
A  deficiency  in  Holstein  calves.     This  requirement  was  also  met  by  14 
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micrograms  of  carotene  from  alfalfa  hay  or  by  33  micrograms  of  carotene 
from  alfalfa  molasses  silage.  It  was  also  observed  that  the  carotene  re- 
quirements of  some  calves  appeared  to  be  slightly  higher  in  cold  than  in 
mild  or  moderate  weather.  The  present  experiments  are  a  continuation  of 
the  previous  studies,  using  certain  improvements  in  experimental  technic. 


EXPERIMENTAL 

.  Thirty-four  calves  representing  the  Guernsey  and  Holstein  breeds  were 
used  in  these  experiments  to  determine  the  minimum  amount  of  carotene 
that  would  prevent  vitamin  A  deficiency  symptoms  in  dairy  calves  from  the 
time  of  birth  to  6-8  months  of  age.  The  experimental  results  obtained  with 
24  of  these  experimental  subjects  are  reported  at  this  time.  All  calves  were 
removed  from  their  dams  at  2  to  4  days  of  age  and  were  placed  on  re- 
constituted skimmilk  at  4  to  7  days  of  age,  except  the  first  6  calves  which 
were  kept  on  whole  milk  until  4  weeks  of  age.  A  ration  composed  of  wheat 
bran,  rolled  oats,  ground  barley,  linseed  oil  meal,  soybean  oil  meal,  molasses, 
steamed  bone  meal,  salt  and  irradiated  yeast  was  fed  according  to  appetite. 
The  above  ration  contained  13.0  per  cent  digestible  crude  protein  and  72.2 
per  cent  total  digestible  nutrients.  Dried  beet  pulp,  as  the  sole  roughage, 
was  fed  according  to  appetite. 

Calves  were  maintained  in  individual  stalls  in  a  w^ell  ventilated  and  well 
lighted  calf  barn.  Although  artificial  heat  was  used  in  the  barn  at  times, 
the  temperature  therein  was  not  maintained  as  constant  as  was  hoped, 
particularly  during  cold  and  windy  weather.  Sawdust  was  used  as  the 
bedding. 

Alfalfa  leaf  meal  of  high  quality  was  used  as  the  principal  source  of 
carotene.  It  was  weighed  into  gelatin  capsules  and  fed  with  a  balling  gun. 
While  the  plan  of  the  experiment  was  to  keep  each  calf  on  a  definite  daily 
carotene  intake  (per  pound  of  body  weight),  small  variations  in  daily  dos- 
ages did  occur  due  to  changes  in  the  carotene  content  of  the  alfalfa  leaf  meal 
and  to  slight  variations  in  body  weight.  Carotene  assays  on  the  alfalfa  leaf 
meal  were  made  by  both  the  biological  and  the  colorimetric  methods. 

The  experimental  animals  were  w^eighed  at  weekly  intervals  and  the 
carotene  intake  adjusted  according  to  changes  in  weight.  The  eyes  of  the 
calves  were  examined  weekly  by  means  of  an  opthalmoscope  according  to  the 
method  of  Moore  (9).  A  complete  record  w^as  made  of  all  other  visible  con- 
ditions that  appeared  to  have  any  relation  to  a  deficiency  of  carotene  in  the 

diet. 

Blood  carotene  determinations  were  made  every  two  weeks  by  a  method 
developed  for  this  w^ork.  This  consisted  in  precipitating  whole  blood  with 
methanol,  extracting  with  petroleum  ether,  saponifying  and  then  determin- 
ing the  carotene  concentration  by  means  of  a  photoelectric  colorimeter. 
During  the  last  10  months  of  the  experiment  an  aliquot  from  each  petroleum 
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ether  extract  was  evaporated  to  dryness  and  the  residue  was  taken  up  in 
isopropyl  alcohol.  Vitamin  A  readings  were  made  at  328  millimicrons  by 
means  of  an  electronic  photometer.  While  these  data,  in  all  probability,  are 
only  relative,  they  are  of  value  in  comparative  studies. 

The  calves  were  slaughtered  when  removed  from  the  experiment.  A 
careful  examination  was  made  of  the  various  organs  for  gross  pathological 
conditions.  Microscopic  studies  were  conducted  on  tissues  from  the  various 
organs.     A  summary  of  these  observations  has  been  published  elsewhere 

(11). 

DATA 

Table  1  gives  a  summary  of  the  experimental  set-up  employed  and  the 
results  obtained  with  the  different  experimental  animals.  The  season  of  the 
year  during  which  each  calf  was  on  experiment  should  be  considered  in 
studying  this  table. 
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Fio.  1.  Illustrating  the  relationship  that  was  found  to  exist  between  environmental 
temperature,  body  weight  changes,  blood  carotene,  blood  vitamin  A  level,  and  the  general 
condition  of  calf  No.  528. 

Figures  1  and  2  illustrate  with  individual  calves  the  relationship  that  was 
found  to  exist  between  environmental  temperature,  the  body  weight  changes, 
the  blood  carotene  level,  the  blood  vitamin  A  level  and  the  condition  of  the 
calf  Figure  3  illustrates  further  the  relationship  found  between  the  caro- 
tene and  the  vitamin  A  levels  in  the  blood  and  the  environmental  tempera- 
ture, the  carotene  and  vitamin  A  values  being  the  averages  from  six  animals. 

DISCUSSION  OF  RESULTS 

Examination  of  the  eye  by  means  of  an  opthalmoscope  appeared  to  be 
the  most  sensitive  method  of  detecting  the  effects  of  vitamin  A  deficiency. 
The  chief  defect  of  this  method  was  due  to  changes  produced  in  the  eye  by 
vitamin  A  deficiency  which  frequently  persisted  for  weeks  or  even  months 
after  the  carotene  intake  had  been  increased  to  an  apparently  adequate  level. 
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The  blood  carotene  and  vitamin  A  levels  seemed  to  indicate  rather  reliably 
the  adequacy  of  the  carotene  intake,  although  here  again  individual  vari- 
ations were  observed.  The  vitamin  A  level  appeared  to  be  a  better  indicator 
of  an  adequate  intake  of  vitamin  A  than  did  the  blood  carotene  level.  This 
is  what  one  might  expect  since  it  is  vitamin  A  per  se  that  is  used  by  the 
body  and  not  carotene.    However,  it  appeared  that  when  blood  carotene  fell 
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Fig.  2.  Illustrating  the  relationship  that  was  found  to  exist  between  environmental 
temperature,  body  weight  changes,  blood  carotene,  blood  vitamin  A  level,  and  the  general 
condition  of  calf  No.  537. 
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Fig.  3.     Illustrates  the  relationship  found  to  exist  between  environmental  tempera- 
ture, blood  carotene  and  blood  vitamin  A  (average  values  of  six  representative  calves).. 

below  .0175  milligram  per  100  milliliters  of  whole  blood  in  Holstein  calves, 
vitamin  A  deficiency  symptoms  were  frequently  found.  Above  this  figure 
vitamin  A  deficiency  symptoms  were  rarely  observed.  Such  a  value  for 
Guernsey  calves  appeared  to  be  somewhat  higher.  It  seems  undesirable  at 
this  time  to  attempt  to  set  a  minimum  value  for  blood  vitamin  A  because  the 
values  determined  in  these  experiments  may  be  only  relative.  However, 
Davis  and  Madsen  (3)  have  set  25  micrograms  of  carotene  and  16  micro- 
grams of  vitamin  A  per  100  milliliters  of  plasma  as  the  critical  level. 


The  observed  effects  of  vitamin  A  deficiency  in  calves  were  similar  to 
those  previously  reported  by  other  workers.  These  included  dilated  pupils, 
bleached  tapetum  lucidum,  exophthalmia,  papilledema,  roughness  of  coat, 
poor  flesh,  slowness  of  growth,  muscular  incoordination,  humped  back, 
diarrhea,  colds,  pneumonia,  blindness  and  death.  The  gross  and  microscopic 
pathology  observed  at  autopsy  included  a  cystic  condition  of  the  pituitary,  a 
constriction  of  the  optic  foramen  and  various  degrees  of  histopathological 
changes  in  the  tissues  of  the  intestines,  liver,  kidney  and  testicle. 

An  observation  which  appears  to  be  of  considerable  importance  is  the . 
relationship  which  appeared  to  exist  between  the  vitamin  A  content  of  the 
blood  and  the  environmental  temperature.  This  is  illustrated  by  all  three 
figures  (1-3  inclusive).  This  relationship  indicates  that  either  vitamin  A  is 
required  in  greater  amounts  during  cold  weather  or  that  more  of  the  vitamin 
is  oxidized  by  the  increased  metabolism  required  to  maintain  body  tempera- 
ture.. Respiratory  disturbances  and  diarrhea  appeared  to  be  more  prevalent 
during  periods  of  low  blood  vitamin  A  thus  adding  another  complicating 
factor  to  the  situation.  The  fact  that  on  the  higher  levels  of  carotene  intake 
these  conditions  were  observed  only  rarely,  appears  to  eliminate  them  as  the 
cause  of  the  decreased  blood  vitamin  A.  The  logical  assumption  is  that  these 
conditions  were  brought  about  in  the  calves  on  the  lower  levels  of  carotene 
intake  as  a  result  of  the  low  concentration  of  blood  vitamin  A  or  by  the 
same  conditions  which  produced  the  low  blood  vitamin  A. 

The  effects  of  vitamin  A  deficiency  on  the  intestinal  mucosa  would  seem 
to  act  toward  producing  a  sort  of  vicious  circle.  Under  these  conditions, 
vitamin  A  deficiency  tends  to  produce  an  enteritis  which  results  in  a  diarrhea 
and  probably  in  a  decreased  absorption  of  carotene.  This  would  tend  to 
make  the  deficiency  more  marked  and  thus  produce  a  more  severe  enteritis. 
The  importance  of  adequate  dietary  vitamin  A,  in  this  respect,  can  be 
readily  appreciated.  Colds  followed  by  acute  bronchial  pneumonia  might 
also  tend  to  act  in  a  similar  manner.  The  vitamin  A  deficiency  probably 
tends  to  cause  a  decrease  in  the  resistance  of  the  upper  respiratory  tract 
against  infection.  The  infection  produced  then  tends  to  increase  heat 
production  by  means  of  a  fever,  thus  probably  bringing  about  an  increased 
destruction  of  vitamin  A  and  a  greater  vitamin  A  deficiency.  Although 
most  of  this  is  still  theory,  it  may  offer  explanations  for  some  of  the 

phenomena  observed. 

Another  observation  which  may  be  of  considerable  importance  was  the 
greater  amount  of  vitamin  A  in  relation  to  carotene  in  the  blood  of  young 
calves  as  compared  to  that  of  older  calves.  This  observation  would  indi- 
cate  that  nature  has  made  it  so  that  the  young  animal  converts  carotene  to 
the  essential  vitamin  A  either  more  efficiently  or  more  rapidly  as  a  means  of 
giving  it  increased  protection  during  this  critical  period  of  life.  It  is  pos- 
sible that  the  difference  in  the  ability  to  convert  carotene  to  vitamin  A  may 
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be  responsible  for  the  greater  ease  with  which  Holstein  calves  are  raised 
than  is  the  case  with  Guernseys.  This  factor  may  function  both  before  and 
after  birth. 

Actual  observations  bear  out  the  difference  in  carotene  requirement  in- 
dicated by  blood  vitamin  A  levels  at  different  environmental  temperatures. 
Calves  which  received  around  12  micrograms  of  carotene  per  pound  of  body 
weight  per  day  during  warm  weather  appeared  to  get  just  about  enough  to 
prevent  vitamin  A  deficiency  symptoms.  However,  calves  that  received  20 
to  23  micrograms  of  carotene  per  pound  of  body  weight  per  day  during  the 
winter  months  have  been  observed  to  show  deficiency  symptoms  during  or 
immediately  following  periods  of  unusually  cold  weather.  The  effects  of 
weather  changes  were  very  evident  in  the  eyes  of  the  affected  calves. 
Further  effects  of  temperature  changes  were  indicated  by  the  vitamin  A  and 
carotene  values  obtained  on  the  livers. 

The  gross  and  microscopic  studies  made  on  the  organs  and  tissues  support 
the  observation  just  noted.  The  extent  and  severity  of  these  changes  were 
almost  without  exception  roughly  proportional  to  the  severity  of  the  external 
symptoms  of  vitamin  A  deficiency  observed,  particularly  after  an  animal 
had  shown  deficiency  symptoms  for  some  time.  It  is  important  to  note  that 
definite  histopathological  effects  of  vitamin  A  deficiency  were  found  in  ani- 
mals which  had  been  considered  to  be  getting  the  minimum  carotene  intake. 
Practically  all  such  animals  would  be  considered  normal  by  the  average 
dairyman.  This  brings  up  the  important  fact  that  such  cases  as  these  on 
the  borderline  of  deficiency  are  probably  very  widespread,  particularly  in 
herds  in  regions  where  the  roughage  is  usually  of  poor  quality.  It  is  highly 
probable  that  such  effects  might  result  in  the  production  of  cows  that  would 
lack  in  vigor,  in  milk  producing  ability,  and  in  reproductive  efficiency,  with- 
out the  real  cause  being  suspected.  It  is  possible  that  the  most  detrimental 
effect  of  previous  vitamin  A  deficiency  in  dairy  cattle  lies  in  such  cases. 


CONCLUSIONS 

1.  The  minimum  carotene  requirement  of  dairy  calves  maintained  at  an 
environmental  temperature  of  50  to  70°  F.  was  found  to  be  approximately 
12  micrograms  per  pound  of  body  weight  per  day. 

2.  The  minimum  carotene  requirement  for  growth  and  well-being  of 
dairy  calves  appears  to  depend  upon  environmental  temperature.  During 
severe  winter  weather  the  minimum  requirement  may  be  more  than  twice  as 
great  as  during  warm  weather.  This  increased  requirement  is  substantiated 
by  the  observed  lowering  of  blood  carotene  and  blood  vitamin  A  during  cold 
weather. 

3.  Respiratory  and  bowel  disturbances  were  more  prevalent  during 
periods  of  low  blood  vitamin  A  than  when  the  store  of  blood  vitamin  A  was 
more  abundant. 
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4.  The  severity  of  the  gross  and  microscopic  pathology  agreed  very  well 
with  the  degree  of  deficiency  observed  before  the  calves  were  slaughtered. 

5.  Histopathological  studies  reveal  that  calves  receiving  a  carotene  intake 
of  less  than  27  micrograms  per  pound  of  body  weight  per  day  may  not  be 
fully  protected  when  subjected  to  average  winter  conditions. 

6.  It  is  highly  probable  that  such  histopathological  changes  exist  in 
calves  raised  in  regions  where  roughage  of  poor  quality  is  fed  and  that  these 
conditions  may  affect  the  productive  and  reproductive  efficiency  of  the  dairy 
cattle  of  such  regions. 
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Within  the  last  few  years,  sulfanilamide 
has  been  given  more  attention  than  perhaps 
any  other  drug  in  the  treatment  of  bovine 
mastitis.!'  2.  ».  i^.  i^  Only  a  few  clinical 
studies  of  the  administration  of  sulfanila- 
mide to  the  normal  dairy  cow  have  ap- 
peared in  the  literature.  Perhaps  the  first 
report  dealing  with  the  elimination  of  sul- 
fanilamide in  the  milk  was  made  by 
Schlotthauer  in  1938.i«  Later,  Gildow,  et 
al,^  made  one  of  the  most  intensive  studies 
of  the  absorption  of  sulfanilamide  by  de- 
termining its  concentration  in  the  blood 
and  milk  as  affected  by  different  levels  of 

dosage. 

Only  a  study  of  the  concentration  of  free 
sulfanilamide  in  the  blood  and  milk  has  ap- 
peared in  the  literature.  Marshall,!^  how- 
ever, has  shown  that  various  animals  may 
conjugate  sulfanilamide  as  the  acetyl  de- 
rivative. The  acetylated  compound  in  most 
instances  has  been  shown  to  be  inactive. 
Hence,  it  was  felt  that  the  determination 
of  conjugated  sulfanilamide  in  the  blood 
and  milk  would  show  a  double  significance. 
It  would  give  a  more  accurate  picture  of 
the  fate  of  ingested  sulfanilamide  and, 
furthermore,  might  explain  the  inefficiency 
of  sulfanilamide  in  many  cases  of  mastitis. 

In  view  of  the  well-known  toxic  effects 
of  sulfanilamide  on  the  bone  marrow  of 
human  subjects,^.  7,  8  it  seemed  obvious  that 
a  study  of  the  hemoglobin  and  the  cellular 
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constituents  of  the  blood  of  dairy  cows 
undergoing  sulfanilamide  administration 
would  provide  an  index  of  the  toxicity  of 
the  drug. 

The  present  investigation  deals  with  the 
effects  of  different  doses  of  sulfanilamide 
on  the  normal  dairy  cow.  This  study  was 
approached  from  two  viewpoints:  (1)  a 
study  of  the  free  and  total  sulfanilamide  _ 
content  of  the  blood  and  milk,  and  (2)  its 
effect  on  the  blood  picture;  namely,  on  the 
erythrocyte,  leucocyte,  and  differential 
counts  and  the  hemoglobin  content.  The 
term  total  sulfanilamide  includes  free  sul- 
fanilamide as  well  as  that  present  in  the 
conjugated  form.  During  the  course  of  the 
investigation,  a  careful  record  was  made  of 
the  effect  of  sulfanilamide  on  the  daily 
milk  production.      ^ 

Experiments 

In  this  study,  four  Holstein-Friesian  cows  of 
known  weight,  free  from  mastitis  and  normal 
in  all  other  respects,  were  chosen  from  the 
dairy  herd  of  the  Department  of  Dairy  Hus- 
bandry, Pennsylvania  State  College. 

Blood  samples  were  drawn  from  the  jugular 
vein  daily  after  the  2:00  p.m.  milking  period. 
It  has  been  found  that  bleeding  just  before 
milking  interferes  with  milk  production.  The 
cows  were  milked  each  day  at  6:00  a.m.,  2:00 
pm.,  and  10:00  p.m.  One  one-hundredth  ali- 
quots  were  taken  at  each  milking  period  and 
pooled,  and  a  sample  was  taken  from  the  pooled 
aliquots  for  analysis  of  free  and  total  sulfanila- 
mide. . 

During  the  first  control  period,  neither  milk 
nor  blood  was  analyzed  for  sulfanilamide,  since 
previous  tests  had  indicated  that  normal  blood 
and  milk  give  no  color  with  the  reagents  used 
in  the  determination  of  sulfanilamide.  During 
the  first  experimental  period,  the  sulfanilamide 
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was  administered  in  half-ounce  gelatin  capsules 
with  a  balling  gun  in  2  equal  doses  at  12-hour 
intervals,  at  9:00  a.m.  and  at  9:00  p.m.     Since 
the  second  level  of  dosage  necessitated  the  use 
of  a  large   number  of  capsules,   it  was  found 
advisable,  during  the  second  experimental  peri- 
od, to  administer  the  sulfanilamide  by  drench- 
ing.    The  administration  of  sulfanilamide  was 
discon^tinued   during   the   fourth   period   of   the 
investigation,    designated   as   the    final    control 
period.     Milk  samples  were  taken   daily  until 
both   free  and   conjugated   sulfanilamide   could 
no  longer  be  detected  in  them.     Blood  samples 
also    were    drawn    daily    until    the   hemoglobin 
values    and    the    cell    counts    had    returned    to 
normal.    At  the  conclusion  of  the  investigation, 
the  animals  were  weighed  to  determine  the  loss 
in  weight  following  the  use  of  sulfanilamide. 
Free  and  total  sulfanilamide  were  determined 


water.  For  each  determination,  200  cells 
were  counted,  100  from  each  of  two  dup- 
licate slides. 

A  summary  of  the  plan  of  the  investiga- 
tion is  given  in  table  I.  It  was  necessary 
to  modify  the  original  plan  to  prevent  over- 
dosage, as  explained  in  the  following  sec- 
tion. 

Presentation  of  Data 

Four  cows,  184,  186,  204,  and  239,  were 
chosen  for  this  investigation.  Since  the 
results  obtained  on  the  different  cows  were 
in  reasonable  agreement,  only  the  data  for 
two  animals,  cows  184  and  204,  are  pre- 
sented. 


TABLE  I. — Showing  the  Plan  of  the  Investigation 


Period 


Date 


Dosage  per  day 

PER  100  LB.         Determinations 

BODY  WEIGHT  iMADE  ON  BLOOD 


Detericiinations 
made  on  milk 


Initial  control 


July  10-21,  1939 


None 


Erythrocyte  count 
Leucocyte  count 
Differential  count 
Hemoglobin 


None 


First  experimental     July  24-31,  1939 


5  Gm. 


Second  experimental  July  31-Aug.  7,  1939         10  Gm. 


Final  control 


Aug.  7-18,  1939 


None 


Erythrocyte  count 

Leucocyte  count 

Differential  count      Free  sulfanilamide 

Hemoglobin  Total  sulfanilamide 

Free  sulfanilamide 

Total  sulfanilamide 


in  a  laked  blood  filtrate,  according  to  the 
method  of  Marshall."'  With  a  slight  modifica- 
tion, the  method  was  adapted  for  the  determi- 
nation of  the  above  in  milk;  water  was  used  as 
the  diluent  instead  of  saponin  solution.  In  all 
other  respects,  the  procedure  was  identical  for 
both  blood  and  milk.  The  procedure  for  de- 
termining both  free  and  total  sulfanilamide  is 
the  same  except  that  in  the  latter,  an  aliquot 
of  the  blood  or  milk  filtrate  is  first  hydrolyzed. 
The  results  for  both  are  given  in  milligrams 
per  100  cc.  of  sulfanilamide. 

Erythrocyte  and  leucocyte  counts  were 
made  in  duplicate  in  the  usual  manner. 
Hemoglobin  was  determined  by  the  acid 
hematin  method  of  Newcomer,^"^  using  a 
standard  color  plate.  All  colorimetric 
readings  were  made  in  daylight.  For  the 
differential  count,  Wright^s  stain  was  em- 
ployed, a  phosphate  buffer  of  pH  7.0  being 
used   as   the   diluent   in   place   of   distilled 


During  the  course  of  this  investigation, 
it  became  evident  that  the  original  plan  of 
the    investigation    as    outlined    in    table    I 
could  not  be  followed,  since  the  animals  re- 
acted unfavorably  to  the  drug.     In  every 
case,  the  cows  went  off  feed  at  some  period 
during  the  study.     The  administration  of 
sulfanilamide  was  then  discontinued  for  a 
period  and  instituted  again  as  indicated  on 
the    graphs    in    fig.    1.      Symptoms    which 
necessitated    discontinuance    of    the    drug 
were   a   slightly   inflamed   udder,   diarrhea, 
and  a  general  unfavorable  systemic  appear- 
ance.    The   cows   did   not   ruminate,   were 
listless,  and  seemed  to  be  in  a  state  of  gen- 
eral malaise.     It  is  possible  that  the  diar- 
rhea was  due  in  part  to  the  ration,  since 
freshly  cut  soybean  forage  and  Sudan  grass 
were    fed    during    the    period    when    the 


diarrhea  was  noticed.  Refusal  of  the  feed 
for  more  than  one  day  was  considered  suf- 
ficient cause  to  discontinue  the  administra- 
tion of  sulfanilamide. 

A. — Concentration  of  Total,  Conjugated, 
and  Free  Sulfanilamide  in  the  Blood  and 
Milk, — The    concentration    of    total,    con- 
jugated,, and  free  sulfanilamide  in  the  blood 
and  milk  following  administration  of  the 
drug  is  presented  in  fig.  1.    The  concentra- 
tion of  the  conjugated   or  acetylated  sul- 
fanilamide  was   calculated   by   taking   the 
difference  between  the  values  representing 
total   and   free   sulfanilamide.     The  lower 
level  of  dosage,  5  Gm.  per  100  pounds  of 
body   weight   daily,   is   referred   to  as  the 
first  dosage,  and  the  higher  level  is  called 
the    second    dosage.      The    legend    for    the 
curves  in  parts  A  and  C  of  fig.  1  also  refers 
to  parts  B  and  D,  for  the  same  animals  re- 
spectively. 

On  the  low  level  of  dosage,  the  maximum 
concentration  of  total  sulfanilamide  in  the 
blood  of  cow  184  was  found  to  be  6.5  mg. 
per  100  cc,  whereas  in  the  milk  of  the  same 
animal,  a  concentration  of  12.7  mg.  per  100 
cc.  was  reached.     At  first  glance,  it  seems 
strange  that  the  concentration  of  total  sul- 
fanilamide in  the  milk  should  exceed  that 
in  the  blood.     An  examination  of  the  par- 
tition    of     total     sulfanilamide,     however, 
shows  that  about  twice  as  much  of  the  con- 
jugated form  is  present  in  the  milk  as  in 
the  blood.  In  the  blood,  a  maximum  concen- 
tration of  2.4  mg.  per  100  cc.  of  conjugated 
sulfanilamide  was   found,   representing  37 
per     cent     of     the     total     sulfanilamide, 
while    in    the   milk,    8.8    mg.    per    100   cc. 
were  conjugated,  representing  69  per  cent 
of   the   total   sulfanilamide.    On   the   same 
level  of  dosage,  the  free  sulfanilamide  dis- 
tributed itself  approximately  equally  m  the 
blood  and  milk,  4.7  mg.  per  100  cc.  being 
the  maximum  found  in  the  blood,  and  4^ 
mg.  per  100  cc,  the  maximum  found  in  the 

milk. 

On  the  high  level  of  dosage,  however,  it 
was  surprising  to  note  that  sulfanilamide 
was  present  in  the  blood  almost  wholly  in 
the  free  form.  A  maximum  concentration 
of  free  sulfanilamide  of  17.5  mg.  per  100 


cc  was  reached  in  the  blood  of  cow  184. 
Despite  the  fact  that  little  conjugated  sul- 
fanilamide could  be  found  in  the  blood  on 
the  high  level  of  dosage,  a  large  amount  was 
present  in  the  milk.     A  maximum  concen- 
tration of  total  sulfanilamide  in  the  milk 
of  27.4  mg.  per  100  cc.  was  reached.     For 
the  same  day,  the  milk  showed  a  concen- 
tration of  conjugated  sulfanilamide  of  15.4 
mg.  per  100  cc,  representing  56  per  cent 
of  the  total  sulfanilamide.     The  free  sul- 
fanilamide was  found  to  reach  a  concentra- 
tion of  12.0  mg.  per  100  cc. 

It  will  be  noted  that,  in  general,  the  con- 
centration of  free  sulfanilamide  in  the  milk 
did  not  exceed  that  in  the  blood  on  either 
level  of  dosage.    From  this  it  would  appear 
that  the  passage  of  the  unconjugated  comr 
pound  from  the  blood  into  the  milk  could 
be  accounted  for  on  the  basis  of  diffusion. 
However,  when  one  examines  the  data  on 
conjugated  sulfanilamide,  it  is  more  diffi- 
cult to  explain  how  the  concentration  in  the 
milk  is  higher  on  both  levels  of  dosage  than 
that  in  the  blood.     Obviously,  diffusion  is 
not  the  complete  answer.     It  is  still  more 
difficult  to  explain  why  on  the  high  level  of 
dosage   there   is   so   little   conjugated    sul- 
fanilamide in  the  blood,  when  the  concen- 
tration in  the  milk  is  high. 

It   should   be   pointed   out   that   in    this 
study  no  attempt  has  been  made  to  deter- 
mine  the   nature   of   the   conjugated   com- 
pound.     Marshall^i     has    found     that,     in 
animals  where  conjugation  occurs,  the  con- 
jugated compound  is  the  acetyl  derivative, 
and  we  have  assumed  that  this  is  the  case 
in  this  study.    However,  it  would  seem  pos- 
sible   that    many    compounds    other    than 
acetic   acid   in   the   blood   and   milk  might 
combine    with    sulfanilamide.      MarshalPi 
has  also  stated  that  conjugation  takes  place 
mainly  in  the  liver.     The  results  obtained 
in  this  study  might  be  interpreted  by  as- 
suming that  the  mammary  gland  also  has 
the  ability  to  conjugate  sulfanilamide.     It 
would  appear  possible  that  the  conjugated 
compound  in  the  milk  may  not  be  the  same 
as  that  in  the  blood.    Since  milk  has  quite 
a  different  composition  from  that  of  blood, 
it  is  possible  that,  in  the  milk,  sulfanila- 
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Fig.   I-The  effect  of  sulfanilamide  administration  on  the  concentration  of  total,  conjugated  and  free 

sulfanilamide  in  the   blood  and   milk. 


mide  is  conjugated  with  some  constituent 
not  found  in  the  blood.  An  example  of  such 
a  possibility  would  be  the  formation  of  a 
glucoside  complex  with  lactose.  If  such 
compounds  were  formed,  it  would  not  be 
difficult  to  explain  the  high  concentration 
of  conjugated  sulfanilamide  in  the  milk. 

The  low  concentration  of  conjugated  sul- 
fanilamide in  the  blood  on  the  high  level 
of  dosage  might  be  accounted  for  in  two 
ways:  (1)  the  concentration  of  free  sul- 
fanilamide in  the  blood  on  the  high  level 
of  dosage  may  be  sufficient  to  injure  the 
liver  tissue  and  thus  interfere  with  its  con- 
jugating function,  and  (2)  it  is  possible 
that  with  long  continued  administration, 
the  compound  in  the  blood  which  normally 
conjugates  with  it  may  be  depleted.  In 
that  case  it  would  be  expected  that  no  more 
conjugation  would  take  place. 

It  would  be  interesting  to  attempt  to  iso- 
late the  conjugated  derivatives  from  blood 
and  milk  and  determine  their  nature.  With 
this  information,  it  should  be  possible  to 
give  a  more  satisfactory  explanation  of  the 
high  concentration  of  conjugated  sulfanila- 
mide in  the  milk. 

With  the  advent  of  sulfanilamide,  it  was 
hoped  that  it  would  prove  to  be  a  valuable 
therapeutic    agent    in    the    treatment    of 
mastitis.     The  high  concentrations  of  total 
sulfanilamide    found    in    the   milk    in    this 
study  would  appear  to  favor  the  use  and 
efficacy  of  the  drug  in  this  condition.     It 
should  be  noted,  however,  that  the  greater 
proportion    of    sulfanilamide    in    the    milk 
exists  in  the  conjugated  form,  which  has 
been  shown  to  be  therapeutically  inactive. 
It  has  also  been  shown  that  free  sulfanila- 
mide tends   to  distribute   itself  equally  in 
the    blood    and    milk,    in    levels    therapeu- 
tically effective  in  many  cases  of  strepto- 
coccic   infections.     Since    many    cases    of 
mastitis   do   not   respond   to   sulfanilamide 
therapy,  and  since  the  concentration  of  the 
drug  in   both  the  blood  and  milk  is  suffi- 
cient for  other  therapeutic  uses,  it  would 
appear  that  the  organisms  responsible  for 
mastitis   are   not   particularly   sensitive   to 
sulfanilamide. 

Three   days  were   required   for  the  free 
sulfanilamide  to  disappear  from  the  blood 


and  milk  of  animal  184  following  the  last 
dose.  An  additional  day  was  required  for 
the  conjugated  compound  to  disappear  com- 
pletely from  the  blood  and  milk. 

The  daily  milk  production  during  the  ex- 
perimental and  the  final  control  periods  is 
also  presented  in  fig.  IB  and  ID,  to  show 
the  correlation  between  the  milk  flow  and 
the  concentration  of  sulfanilamide  in  the 
milk.  As  is  particularly  well  illustrated  in 
fig.  ID,  the  milk  production  varied  inversely 
with  the  concentration  of  sulfanilamide  in 
the  milk.  The  milk  flow  returned  to  normal 
slowly,  a  maximum  recovery  of  83  per  cent 
being  observed  in  cow  184,  11  days  after 
the  final  dose. 

Similar  results  have  been  obtained  for 
cow  204,  except  for  the  reduction  in  milk 
flow.  A  maximum  reduction  of  78  per  cent 
was  found  in  this  animal,  as  compared  with 
a  38  per  cent  reduction  for  animal  184.  It 
should  be  remembered,  however,  that  the 
same  plan  of  dosage  was  not  followed  for 
both  animals,  as  indicated  in  fig.  lA  and 
IC. 

B. — Cellular  Constituents  of  the  Blood. — 
The    effect   of   the    administration    of   sul- 
fanilamide on  the  cellular  constituents  of 
the  blood,  namely,  the  red  and  white  cell 
count   and   the   differential   count,    is   pre- 
sented in  fig.  2.     The  hemoglobin  value  is 
also  presented  here  to  show  its  correlation 
with  the  ery'throcyte  count.     To  conserve 
space,  only  the  data  for  cow  184  are  pre- 
sented.     Normal    values   were    determined 
for  a  period  of  10  days  preceding  the  ex- 
perimental periods.    The  average  value  for 
the    hemoglobin    content    and    the    cellular 
constituents  of  the  blood  is  indicated  in  the 
graphs  in  fig.  2  by  the  straight  lines  desig- 
nated "average  normal."     The  administra- 
tion  of  sulfanilamide   is  indicated   by  the 
arrows  under  the  lymphocyte  curve  in  the 
bottom  graph  of  fig.  2  and  applies  to  all 
the  curves  in  the  same  figure.     Since  only 
the  neutrophil  and  lymphocyte  counts  of 
the  differential  counts  showed  any  signifi- 
cant variation  from  the  normal,  they  alone 
are  presented  in  fig.  2. 

During  the  initial  control  period,  an 
average  hemoglobin  value  of  9.80  Gm.  per 
100  cc.  of  blood  was  obtained.  On  the  low 
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tuted,  there  was  a  marked  reduction  in  the 
leucocyte  count.  The  response  was  rapid, 
a  definite  leucopenia  being  produced  which 
reached  a  minimum  of  3,960  per  cubic 
millimeter  of  blood,  representing  a  reduc- 
tion of  52  per  cent  from  the  normal.  After 
the  dosage  was  discontinued,  the  leucocyte 
count  rapidly  returned  to  normal. 

The  normal  differential  count  presented 
in  the  following  table  is  the  average  of 
nine  counts  of  200  cells  each  made  on  cow 
184  during  the  control  period,  representing 
an  average  based  on  1,800  cells.  No  dis- 
tinction was  made  between  small  and  large 
lymphocytes,  and  the  monocytes  also  in- 
cluded the  so-called  transitional  cells. 

TABLE  II.— Showing  Differential  Leucocyte  Count  Dur- 
ing  the    Initial   Control    Period 
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level  of  dosage,  a  slight  increase  in  the 
hemoglobin  was  produced.  On  the  high  level 
of  dosage,  however,  a  decreasing  trend  was 
noted  which  reached  a  minimum  of  7.89 
Gm.  per  100  cc,  representing  a  decrease 
of  19  per  cent  from  the  normal  value  for 

animal  184. 

A  normal  erythrocyte  count  of  6,700,000 
per  cubic  millimeter  of  blood  was  obtained. 
During  the  experimental  periods,  the  ery- 
throcyte response  closely  paralleled  the 
hemoglobin   values   as   indicated  in  fig.   2. 
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Pig.  2— The   effect  of  sulfanilamide    administration   on 
the  hemoglobin  values  and  the  blood  cell  counts. 

The  lowest  value  noted  was  5,220,000  cells 
per  cubic  millimeter,  representing  a  reduc- 
tion of  22  per  cent  from  the  normal. 

The  normal  leucocyte  count  for  cow  184 
was  found  to  be  8,200.  On  the  low  level 
of  dosage,  a  mild  leucocytosis  was  produced. 
When  the  high  level  of  dosage  was  insti- 
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The  only  significant  change  due  to  the 
administration  of  sulfanilamide  was  found 
in  the  proportion  of  neutrophiles  and  lym- 
phocytes. There  was  a  definite  increase  in 
the  number  of  neutrophiles,  which  reached 
a  maximum  value  of  69  per  cent.  As  was 
to  be  expected,  the  lymphocyte  count  varied 
inversely  with  the  neutrophil  count.  A 
definite  lymphopenia  was  produced,  reach- 
ing a  minimum  value  of  31  per  cent. 

During  the  high  level  of  dosage,  atypical 
and  degenerated  leucocytes  appeared  in  the 
blood.  These  include  monocytes  with  a 
lobulated  nucleus,  large  atypical  monocytes, 
and  lymphocytes  in  various  stages  of  dis- 
integration. The  significance  of  these  cells 
is  not  known.  The  blood  studies  were  con- 
tinued after  sulfanilamide  administration 
was  discontinued  until  approximately  nor- 
mal results  were  obtained,  at  which  point 
the  investigation  was  concluded. 

The  normal  values  for  cellular  counts 
and  hemoglobin  presented  in  this  paper  are 
in  close  agreement  with  those  reported  in 
the  literature.4.  «•  12 

The  animals  were  weighed  at  the  conclu- 
sion of  the  study  and  showed  an  average 


loss  in  weight  of  8.6  per  cent,  as  repre- 
sented in  table  III. 

TABLE    III. — Loss    of    Weight    Following    Ingestion    of 

Sulfanilamide 


Wt.  before 

Wt.  after 

Wt. 

Wt. 

Cow 

July  20 

Aug.  7 

Loss 

Loss 

No. 

LB. 

LB. 

LB. 

% 

184 
186 
204 
239 


1,240 
1,265 
1,250 
1,100 


1,150 
1,200 
1,090 
1,000 


90 

65 
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100 


7.3 
5.1 

12.8 
9.1 


Summary 

Four  normal  Holstein-Friesian  cows  were 
given  sulfanilamide  on  two  levels  of  dos- 
age, 5  and  10  Gm.  per  100  pounds  of  body 
weight  per  day.  A  study  was  made  of  the 
concentration  of  free  and  conjugated  sul- 
fanilamide in  the  blood  and  milk.  In  addi- 
tion, a  study  was  made  of  the  hemoglobin 
values  and  the  blood  picture,  namely,  the 
erythrocyte,  leucocyte,  and  differential 
counts. 

On  the  low  level  of  dosage,  69  per  cent 
of  the  total  sulfanilamide  found  in  the  milk 
was  present  as  the  conjugated  compound, 
whereas,   37   per  cent  was  present  in  the 
blood  as  the  conjugated  derivative.    On  the 
high   level   of  dosage,   56  per  cent  of  the 
total  sulfanilamide  was  conjugated  in  the 
milk,  whereas,   little  conjugated   sulfanila- 
mide could  be  detected  in  the  blood  on  the 
same  level  of  dosage.     Free  sulfanilamide 
distributed  itself  approximately  equally  in 
the  blood  and  milk  on  both  levels  of  dosage. 
A   slight   anemia  was   produced,   with   a 
maximum     reduction     in    the    erythrocyte 
count  and  in  the  hemoglobin  value  of  about 
20  per  cent.     On  the  low  level  of  dosage, 
a   slight   leucocytosis   was   observed,   while 
on    the    high    level    of    dosage,    a    marked 
leucopenia  was  produced,  representing  a  de- 
crease in  leucocytes  of  60  per  cent.     A  de- 
cided increase  in  percentage  of  neutrophiles 
was  noted.    In  addition,  atypical  and  degen- 
erated leucocytes  were  found  in  the  blood 
during  the  height  of  sulfanilamide  adminis- 
tration. 

The  milk  production  was  found  to  vary 
inversely  with  the   excretion  of  sulfanila- 


mide in  the  milk.  The  milk  flow  was  re- 
duced by  as  much  as  82  per  cent. 

An  average  decrease  in  weight  of  8.6  per 
cent  resulted  from  the  ingestion  of  sulfanil- 
amide. 

Individual  differences  in  tolerance 
towards  sulfanilamide  were  noted  in  the 
cows  throughout  the  course  of  this  study. 
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IN  A  recent  communication  (Ott,  Boucher, 
and  Knandel,  1942)  the  performance  of 
Single  Comb  White  Leghorns  was  reported 
for  the  first  24  weeks  of  age  on  two  experi- 
ments in  which  four  all-mash  rations  vary- 
ing in  feeding-cane  molasses  content  were 
fed  in  duplicate  from  1  day  to  72  weeks 
of  age.  The  present  paper  is  a  report  of  the 
performance  of  these  fowls  during  the  lay- 
ing periods  in  these  experiments. 

Previous  investigators  have  reported  vari- 
ous results  with  laying  hens  fed  rations  con- 
taining cane  molasses.  Winter  (1929),  in  a 
six-month  trial  starting  with  240  Leghorn 
hens  and  a  year  trial  starting  with  60  Leg- 
horn pullets,  reported  nearly  equal  feed  in- 
take and  egg  production,  lower  mortality, 
and  higher  water  intake  with  rations  con- 
taining 5,  10,  or  15  percent  molasses  than 
with  rations  containing  no  molasses.  In  one 
20-week  test  starting  with  100  Leghorns, 
Maw  (1933)  noted  nearly  equal  feed  in- 
take and  change  in  body  weight,  lower  egg 
production  and  mortality,  and  higher  water 
intake  with  rations  containing  1.25,  5,  or 


♦Authorized  for  publication  on  April  ^,  1942, 
as  paper  No.  1094  in  the  Journal  Series  of  the 
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6.25  percent  than  with  no-molasses  rations. 
In  one  8-month  and  two  10-month  ex- 
periments starting  with  337  Leghorns  hav- 
ing access  to  green  feed  in  yards,  Upp  ( 1937 ) 
reported  nearly  equal  feed  intake,  egg  pro- 
duction, egg  size,  and  body  weight  change 
and  increased  hatchability,  mortality,  and 
water  intake  when  5,  7.5,  or  10  percent 
molasses  was  included  in  the  ration.  Both 
Winter  and  Upp  called  attention  to  the  laxa- 
tive properties  of  the  10  and  15  percent 
molasses  diets.  Gericke  (1940)  mentioned 
the  use  of  one-half  pound  of  molasses  mixed 
with  one  gallon  of  water  in  preparation  of  a 
wet  mash  to  stimulate  appetite  and  egg  pro- 
duction. 

These  variable  results  tend  to  indicate 
that  rations  for  laying  hens  may  safely  con- 
tain feeding-cane  molasses  up  to  the  amount 
that  has  an  undesirable  laxative  effect. 

EXPERIMENTAL 

Four  all-mash  rations  containing  0,  2,  4, 
and  6  percent  cane  molasses  in  place  of 
equal  amounts  of  yellow  com  were  fed  in 
duplicate  to  Single  Comb  White  Leghorns 
from  1  day  to  72  weeks  of  age  in  each  of 
two  experiments.  During  the  laying  period 
each  group  of  females  received  the  same  all- 
mash  ration  they  had  been  receiving  from 
16  to  24  weeks  of  age  (Ott  et  al.,  1942). 

In  the  first  experiment,  which  ended  Sep- 
tember 11,   1940,  the  birds  were  housed 
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in  an  open-front  type  of  unheated  house. 
In  the  second  experiment,  which  ended  Sep- 
tember 24,  1941,  the  birds  were  housed  in 
a  building  with  glass  windows  in  front  and 
equipped  with  a  warm-air  ventilation  sys- 
tem and  sun  porches.  Artificial  morning 
lights  were  used  during  the  winter  months 
to  provide  about  13  hours  of  light  daily. 
Four  males  of  the  college  breeding  flock 
were  kept  in  each  pen  from  the  beginning 
of  the  laying  period  to  the  end  of  the  hatch- 
ing season. 

Individual  body  weights  and  pen  feed  in- 
takes were  recorded  at  four-week  intervals. 
Date  of  first  egg  was  obtained  from  trap- 
nest  records,  and  body  weight  at  date  of  first 
egg  was  calculated  by  linear  interpolation 
between  the  preceding  and  following  regu- 
larly obtained  body  weights.  The  total  egg 
production  in  each  pen  was  counted  and 
weighed  daily,  and  from  these  data  the  mean 
egg  production  and  mean  egg  weight  were 
calculated. 

For  the  hatchability  studies,  two  eggs, 
each  weighing  over  1.75  ounces,  were  in- 
cubated from  each  pullet  laying  two  or 
more  eggs  in  a  five-day  collection  period 
each  month  from  January  through  June. 
The  physical  quality  of  fresh  eggs  was  de- 
termined in  January,  June,  and  August  on 
two  successive  eggs  from  each  hen  in  pro- 
duction at  those  times,  using  the  method 
described  by  Haugh  (1937)  for  determina- 
tion of  the  physical  quality. 

All  birds  in  the  eight  pens  of  the  first 
experiment  and  all  birds  in  one  series  of  four 
pens  and  a  portion  of  the  birds  in  the  dupli- 
cate series  in  the  second  experiment  were 
first  generations  on  the  experimental  diets. 
The  remaining  females  in  the  latter  series 
of  four  pens  in  the  second  experiment  were 
progeny  of  41  females  in  the  first  experiment 
and  received  the  same  diets  their  parents 
had  received  in  order  to  furnish  information 
regarding  performance  of  a  second  genera- 
tion on  the  respective  diets. 


RESULTS    AND    DISCUSSION 

First  Generation 

Mean  performances  of  the  first  genera- 
tions of  laying  hens  on  the  four  experimental 
diets  are  given  in  Table  1.  None  of  the  dif- 
ferences between  diet  means  was  statisti- 
cally significant.  Differences  between  the 
duplicates  were  likewise  not  significant.  Dif- 
ferences between  the  two  experiments  were 
significant  in  egg  production  (both  number 
and  total  weight),  age  and  weight  at  first 
egg,  and  hatchability,  the  results  in  the  sec- 
ond experiment  being  higher. 

The  relative  rank  of  the  four  diets  in  the 
first  experiment  did  not  differ  significantly 
in  any  criterion  from  the  relative  rank  in  the 
second  experiment.  This  was  likewise  true 
of  the  relative  rank  of  the  four  diets  in  the 
duplicate  series  within  each  experiment.  The 
interaction  between  duplicates  and  experi- 
ments was  also  not  significant.  For  these 
reasons,  the  mean  performance  in  each  cri- 
terion on  each  diet  is  given  in  Table  1. 
Each  tabulated  value  is  the  mean  of  the 
four  pen  means  on  that  diet.  The  number 
of  hens  is  the  sum  of  the  numbers  for  the 
four  pens  on  each  diet. 

Body  weight  was  highest  at  48,  52,  and 
56  weeks  of  age.  The  mean  of  these  weights 
is  reported  as  the  maximum  body  weight  in 
the  tables.  The  June  and  August  values  for 
egg  quality  for  the  respective  diets  were 
very  close  together,  so  they  were  averaged. 
Feed  intake  was  highest  and  mortality  was 
lowest  in  the  groups  fed  4  and  6  percent 
molasses  in  the  ration.  Otherwise,  perform- 
ance was  nearly  equal  on  the  diets  contain- 
ing 0,  4,  and  6  percent  molasses.  Perform- 
ance of  the  2  percent  group  was  inferior  in 
most  criteria. 

The  outward  appearance  of  the  birds  was 
the  same  on  all  rations.  A  slight  laxative 
effect  was  observed  on  the  6  percent  molasses 
diet.  This  did  not  cause  any  practical  diffi- 
culty except  in  the  first  experiment  during 


Table  1. — Mean  performances  of  first  generations  of  laying  hens 


Criterion 


Percent  cane   molasses 


None 


Number  hens  alive  at  24  weeks  of  age 
Feed  intake  per  hen,  24  to  72  weeks,  lbs. 
Body  weight  of        1     initial  weight,  gms. 

hens  alive  at         \     maximum  weight,  gms. 

72  weeks  of  age   J     final  weight,  gms. 
Egg  weight,  48  to  60  weeks,  gms. 
Total  weight  of  eggs  produced  per  hen  to  72  weeks 

of  age,  gms. 
Body  weight  at  date  of  first  egg,  gms. 
Age  at  date  of  first  egg,  days 
Egg  production  per  hen  to  72  weeks  of  age 
Physical  quality  of  fresh  eggs  in  \  Jan. 

Haugh  units  /  June-Aug. 

Hatchability  of  fertile  eggs,  percent 
Mortality,  24  to  72  weeks,  percent 
Number  hens  alive  at  72  weeks  of  age 


149 

83.28 
1,626 
1,953 
1,841 

55.4 

9,927 
1,822 
201.2 
183.6 
86.0 
75.1 
82.9 
28.6 
109 


156 

81.38 
1,609 
1,878 
1,744 

54.2 


damp  winter  weather  when  the  litter  in  the 
6  percent  molasses  pens  had  to  be  changed 
about  10  percent  earlier  than  the  litter  in 
the  no-molasses  pens.  In  reasonably  dry  or 
warm  weather  during  the  first  experiment 
and  under  all  conditions  of  weather  during 
the  second  experiment,  no  differences  were 
evident  in  condition  of  the  floor  litter. 

All  these  facts  support  the  conclusion  that 
the  performance  of  the  laying  pullets  was 
uniform  on  the  four  diets  varying  in  cane 
molasses  content  from  0  to  6  percent.  In 
consideration  of  the  management  difficulties 
probably  arising  from  the  increased  laxative 
action  reported  by  other  investigators  for 
all-mash  diets  containing  more  than  6  per- 
cent molasses,  it  appears  that  the  relative 
costs  of  ground  yellow  corn  and  feeding- 
cane  molasses  may  be  the  determining  fac- 
tor in  the  use  of  molasses  up  to  6  percent  of 
an  all-mash  ration. 

Second  Generation 

Mean  performances  of  41  females  in  the 
first  experiment  and  their  96  progeny  fed 
the  corresponding  diets  in  the  second  ex- 
periment were  obtained  from  the  individual 
records  of  these  hens  during  the  laying 
period  and  are  given  in  Table  2.  These  four 


8,867 
1 ,  793 
206. 
167. 
86. 
76 
82 
28 
111 


6 
6 
0 
4 
8 
1 


147 
86.88 
1,626 
1,929 

1,852 
55.0 


9,750 


808 
204 
180. 

87. 

76. 

82.4 

19.5 
117 


3 
,6 
.2 

6 


160 

85.32 
1,655 
1,906 
1,770 

55.4 

9,854 
1,792 
202.2 
182.5 
86.7 
78.0 
84.6 
24.2 
122 


groups  of  second  generation  hens  were  con- 
fined with  smaller  numbers  of  first  genera- 
tion hens  in  one  series  of  four  pens  in  the 
second  experiment.  Consequently,  perform- 
ance of  the  second  generation  alone  could  be 
determined  only  in  those  criteria  in  which 
individual  hen  records  were  available. 

In  most  instances  the  performances  of 
the  two  generations  on  each  diet  were  rela- 
tively close  together.  Differences  were  ap- 
preciable as  follows:  On  the  no-molasses  diet 
the  second  generation  was  lower  in  egg  qual- 
ity than  the  first  generation;  on  the  2  per- 
cent molasses  diet  the  second  generation  was 
higher  in  age  at  first  egg  and  lower  in  body 
weight  and  in  hatchability;  on  the  4  per- 
cent diet  the  second  generation  was  higher  in 
age  at  first  egg  and  in  egg  production  and 
lower  in  hatchability;  and  on  the  6  percent 
diet  the  second  generation  was  higher  in  age 
at  first  egg  and  lower  in  body  weight  and  in 
egg  production.   Mortality  on   the  4  and 
6  percent  molasses  diets  was  half  as  high  as 
on  the  0  and  2  percent  diets. 

Although  these  observations  were  made 
on  relatively  small  numbers  of  birds  and 
this  phase  of  the  experimental  work  was 
not  conducted  in  duplicate,  the  results  seem 
to  indicate  that  the  performance  of  the  sec- 
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Table  2.— Comparative  mean  performances  of  first  and  second  generations  of  laying  hens 


539 


Percent  cane  molasses 

None 

2 

4 

6 

None 

2 

4 

6 

Dams 

Progeny 

Number  of  hens  alive  at  24  weeks  of  age 

10 

9 

13                 9 

2»2^ 

22 

?>2> 

33 

Body  weight  in  grams  of  hens  alive  at  72  weeks  of  age^ 

Initial 

Maximum 

Final 

1,710 
1,960 
1,860 

1,690 
2,050 
1,940 

1,700 
1,970 
1,930 

1,830 
2,070 
2,050 

1,630 
2,000 
1,930 

1,560 
1,890 
1,860 

1,610 
2,020 
1,960 

1,700 
1,940 
1,840 

Body  weight  in  grams  at  date  of  first  egg 

1,870 

1,810         1,880 

1,910 

1,870         1,840 

1,930 

1,890 

■ 

Age  in  days  at  date  of  first  egg 

197 

185             202             185 

200             220 

220 

215 

i 

Number  of  eggs  produced  per  hen,  24  to  72  weeks  of  age 

179 

\11 

166 

194              182 

166 

195 

168 

Physical  quality  of  fresh  eggs  in  Haugh  units 

Jan. 
June-Aug. 

91 

85 

86 
81 

88 
81 

Percent 

92                83 

85               78 

hatch  of  fertile  eggs 

91 
81 

88 
79 

89 
83 

90 

85     1          94 

84 

88               76 

82 

85 

Percent  mortality,  24  to  72  weeks  of  age 

27               27 

15 

15 

Number  of  hens  alive  at  72  weeks  of  age 

10 

9 

13                 9 

24               16 

28 

28 

end  generation  was  as  satisfactory  as  that 
of  the  first  generation  on  each  of  the  four 
diets. 

SUMMARY 

Statistical  analyses  of  data  collected  on 
more  than  550  Single  Comb  White  Leg- 
horns finishing  their  first  laying  period  from 
24  to  72  weeks  of  age  indicated  that  per- 
formance was  not  significantly  influenced  by 
variation  in  the  feeding-cane  molasses  con- 
tent of  the  ration  from  0  to  6  percent.  The 
evidence  indicated  further  that  perform- 
ance of  the  second  generation  was  as  satis- 
factory as  the  first  generation  on  diets  con- 
taining 0,  2,  4,  and  6  percent  molasses.  It 
appears  that  the  relative  costs  of  ground 
yellow  corn  and  feeding-cane  molasses  may 
be  the  determining  factor  in  the  use  of 


molasses  up  to  6  percent  of  an  all-mash  ra- 
tion. 
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The  production  of  tobacco  of  high  quahty  is  influenced  by  many  factors, 
among  which  are  the  absorption  and  the  utiUzation  of  nitrogen  and  potassium. 
That  these  two  nutrients  profoundly  affect  the  character  of  growth  has  long  been 
known,  but  their  role  in  the  production  of  high-yielding,  disease-resistant  tobacco 
of  excellent  quality  is  frequently  misunderstood. 

Many  investigators  have  attributed  the  lack  of  resistance  to  leaf  spot  diseases 
in  tobacco  to  excessive  nitrogen  uptake,  but  some  of  the  most  seriously  diseased 
samples  examined  in  these  laboratories  have  been  found  to  contain  considerably 
less  than  the  normal  nitrogen  content  of  the  variety.  Disease-free  tobacco 
grown  on  adjacent  plots  has  been  found,  on  the  other  hand,  to  possess  as  a  rule 
the  normal  nitrogen  content  of  the  type. 

Certam  investigators  have  attributed  disease  resistance  to  adequate  potassium 
uptake,  whereas  others  in  recent  years  have  denied  that  any  relation  exists  be- 
tween potash  fertilization  and  disease  resistance. 

The  assumption  that  the  three  factors,  excellence  in  quality,  resistance  to  leaf 
spot  diseases,  and  economic  yield  are  incompatible  is  common  among  growers 
of  tobacco,  although  some  growers  succeed  in  combining  quality  and  resistance 
with  satisfactory  yield  year  after  year. 

These  conflicts  in  opinion  and  the  lack  of  evidence  to  explam  apparent  dis- 
crepancies in  observation  led  the  authors  to  initiate  a  research  program  m  this 
field  This  has  been  conducted  for  more  than  five  years  through  plot  work 
seedbed  studies,  greenhouse  experiments,  and  chemical  and  bacteriological 
laboratory  investigations.  Extensive  field  surveys  also  have  been  made  to 
gather  further  data.  Data  obtained  in  this  program  and  conclusions  drawn 
therefrom  which  pertain  to  the  bearing  of  potassium  on  quality,  yield,  and  dis- 
ease  resistance  are  presented  briefly  in  this  paper.  .    ,.        u    .  ^f  f  Ko 

In  the  production  of  tobacco  there  are  two  distinct  phases  m  the  ^^^^^^^^^^^^^ 
plant  in  which  environmental  conditions  and  cultural  practices  diff^^  m^J^^^^^^^ 
Seedlings  are  produced  in  coldframes,  hotbeds,  or  greenhouses  and  later  are 
trlspknted  to  the  field.  Investigation  of  the  culture  of  the  crop,  therefore, 
has  b^en  divided  into  separate  studies  of  tobacco  in  the  seedbed  and  m  the  field. 

SEEDBED   INVESTIGATIONS 

In  its  accepted  meaning,  "quality"  in  the  seedling  has  "-f  ^^--^^^^^^^^^^ 
resistance     The  quality  seedling  is  free  from  disease,  transplants  without  great 
ZXTstr^e.  root  reJdily  even  under  someyhat  adverse  condiUonsm^^^^^^^^^^^ 
''Yield"  in  the  seedbed  usually  refers  to  two  factors :  number  of  plants  produced 
pjrlqua"  tot  oTbed,  and  iLgth  of  time  required  to  produce  a  plant  suitable 

for  setting  in  the  field. 
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Thirty  years  ago  the  practice  of  seedbed  steaming  was  introduced  in  the 
Pennsylvania  tobacco-producing  region,  and  within  a  few  years  this  method 
supplanted  all  others  in  the  preparation  of  tobacco  seedbeds.  Although  de- 
signed to  destroy  weed  seeds,  steaming  was  soon  recommended  as  a  necessary 
sanitary  precaution  in  the  fight  against  seedbed  diseases.  These  diseases  be- 
came an  economic  problem  in  the  years  immediately  following  the  mtroduction 

of  seedbed  steaming.  . 

Surveys,  by  the  authors,  of  the  tobacco  region  of  Pennsylvania  have  shown 
that  it  has  been  the  practice  to  incorporate  large  amounts  of  fresh  manure  and 
large  applications  of  cottonseed  meal  usually  without  P  and  K  supplements  m 
the  soil  prior  to  steaming.  The  bed  was  then  steamed  and  seeded  withm  a 
short  time.  The  appearance  of  leaf  spot  diseases  in  such  beds  was  the  rule,  and 
the  plant  produced  might  well  be  described  as  soft,  succulent,  root-deficient, 
mineral-starved,  and  nitrogen-gorged.  In  order  to  maintain  sufficient  moisture 
in  the  upper  layer  of  freshly  steamed  heavy  soil,  it  was  necessary  to  water  daily 
and  keep  the  bed  tightly  covered  with  cloth  to  prevent  evaporation.  An  exam- 
ination of  the  soil  usually  showed  a  uniformly  high  content  of  NHs-nitrogen, 
little  N03-nitrogen,  a  water-logged  condition,  and  excessive  reproduction  of 
bacteria  within  the  soil  and  on  the  aerial  parts  of  the  seedling. 

All  seedbed  soils  and  all  seedling  plants  examined  showed  the  presence  of  the 
bacteria  associated  with  the  leaf  spot  diseases  of  tobacco  regardless  of  sanitary 
precautions  taken  by  the  grower  and  regardless  of  the  presence  or  absence  ot 

visible  signs  of  disease.  .  j        t  j 

At  this  stage  in  the  investigation  the  authors  and  their  associates  made  a  study 
of  the  nature  of  these  bacteria  and  established  that  these  organisms,  Phytommas 
tabaca  and  P.  angulaia,  were  merely  transitory  physiological  adaptations  of  the 
ubiquitous  soil  saprophyte,  Pseudomonas  fluorescens.  It  was  further  established 
that  these  organisms  are  not  destroyed  in  seedbed  steaming  or  by  other  routme 
sanitary  measures  followed  in  the  Pennsylvania  tobacco  area  and  that  the  norma 
tobacco  plant  is  exposed  to  these  adaptations  of  Pseudomonas  fluorescens  at  all 

times  in  both  seedbed  and  field'.  ,  .    ,,  .      ,  c  4.u 

It  became  evident  as  a  result  of  the  information  obtamed  m  this  phase  of  the 
investigation  that  the  incidence  of  leaf  spot  diseases  is  related  not  to  the  presence 
of  the  organisms  (which  are  ubiquitous)  but  rather  to  the  relative  resistance  of 

the  host  to  infection. 

An  investigation  of  the  factors  controlling  resistance  to  leaf  spot  diseases  in 
the  seedbed  has  shown  that  the  tilth  and  moisture-holding  capacity  of  the  soil 
must  be  excellent  in  order  to  produce  a  plant  with  adequate  root  system  and  with 
the  minimum  use  of  water.  In  addition  the  nutrients  supplied  must  be  avail- 
able in  such  proportions  that  the  N/K  ratio  of  the  seedling  is  approximately  0.6 
Furthermore,  beds  must  be  ventilated  and  photosynthesis  must  be  undisturbed 
by  excessive  use  of  cloth.  Under  such  conditions  high-quality,  disease-resistant 
seedlings  may  be  produced  economically. 

"Reid,  J.  J.,  et  al.    1942    Bacterial  leafspots  of  Pennsylvania  tobacco.    Pa.  Agr.  Exp. 
Sta.  Bui.  422. 
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The  provision  of  such  environmental  conditions  is  notdifficult.  Fall-steaming 
of  the  previously  manured  bed  permits  a  return  of  the  soil  to  approximately 
normal  physical  condition  through  alternate  freezing  and  thawing  in  the  winter 
months.  This  eliminates  much  of  the  trouble.  It  is  not  necessary  to  water 
fall-steamed  beds  excessively  or  to  keep  them  closed  in  order  to  hold  moisture. 
Fall-steaming  coupled  with  suitable  fertilization  to  permit  the  uptake  of  suffi- 
cient K  and  other  minerals  results  in  the  production  of  high-quality  disease-free 
plants.  It  has  been  found  that  an  application  of  a  4-8-12  or  closely  allied 
fertilizer  mixture  at  the  rate  of  1,000  pounds  per  acre  will  suffice  for  the  nutrient 
requirements  of  the  seedlings. 

It  is  true  that  there  is  a  definite  limit  to  the  number  of  quality  seedlings  that 
can  be  produced  in  a  given  area,  and  the  grower  may  seed  too  heavily  in  an 
effort  to  provide  more  seedlings  than  the  bed  space  warrants.  To  this  extent 
quality  and  excessive  plant  yield  in  the  bed  are  incompatible.  On  the  other 
hand,  the  difference  in  seedling  size  often  noted  when  soft  succulent  plants  are 
contrasted  with  normal  high-quality  plants  is  more  apparent  than  real.  Labora- 
tory studies  show  that  the  weight  of  dry  matter  produced  by  the  quality  plant 
is  as  great  as  that  produced  by  the  tall,  stringy,  succulent  one. 

FIELD   CULTURE  OF  TOBACCO 

In  the  investigations  of  field  culture  of  tobacco  conducted  by  the  authors,  the 
cooperation  of  the  Chatham  Substation  of  the  Virginia  Agricultural  Experiment 
Station  was  obtained.  As  a  result,  the  research  included  the  field  production 
of  Pennsylvania  tobacco  of  the  cigar-filler  type  and  also  the  flue-cured  tobacco  of 
Virginia.  The  aid  of  leaf  experts  in  the  industry  was  enlisted,  and  their  judg- 
ment of  quality  was  obtained  on  all  samples  handled.  More  than  500  samples 
of  flue-cured  tobacco  and  more  than  1,000  samples  of  cigar-leaf  tobacco  were 
examined  m  the  chemical  and  bacteriological  laboratories  in  the  course  of  these 
investigations.  Determinations  of  the  N  and  K  content  and  of  the  microflora 
were  made  routinely,  and  in  addition,  as  circumstances  warranted,  determina- 
tions were  made  of  Ca,  protein  N,  nicotine,  reducing  sugars,  steam-volatile  acids 
and  fixed  organic  acids.     These  chemical  and  bacteriological  data  were  related 

directly  to  quality  in  the  leaf. 

The  results  showed  that  flue-cured  tobacco  of  excellent  quality  contains  ap- 
proximated 2  per  cent  N,  at  least  2  per  cent  K,  and  18  to  25  per  cent  reducmg 
sugars.    Any  significant  divergence  from  these  values  was  found  to  be  reflected 

in  a  lowering  of  the  quality  of  the  leaf.  ok  „r.A  ao 

High-quality  cigar-leaf  tobacco  was  found  to  contam  between  3  5  and  4.2 
per  cent  N,  slightly  more  K  than  N,  decidedly  less  Ca  than  K  and  at  maturity 
protein  N  somewhat  in  excess  of  nonprotein  N.  It  was  a  so  found  at  maturity 
to  contain  somewhat  less  than  1  per  cent  of  oxalic  acid  from  8  to  12  per  cent 
malic  acid,  and  about  2.5  per  cent  citric  acid.  These  -^^-.^f f  ^.J^^^j^^'^; 
curing,  but  any  serious  divergence  at  matunty  was  associated  with  lack  of 

""^Tif  microflora  of  flue-cured  tobacco  was  found  to  be  an  excellent  index  of 
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quality,  high  quality  being  associated  with  an  active  saccharolytic  flora,  and  poor 
quality  with  either  a  proteolytic  or  inert  flora  depending  on  the  factors  responsi- 
ble for  the  lack  of  quality.  In  a  somewhat  similar  manner  the  bacteriological 
findings  in  the  case  of  cigar-leaf  tobacco  were  related  to  the  quality. 

With  this  information  on  the  relation  of  quality  to  chemical  composition  and 
microflora  of  the  leaf  as  a  reference  point,  attention  was  turned  to  the  study  of 
fertiUzer  experiments  at  Chatham,  Virginia,  and  Roseville,  Pennsylvania. 

The  Chatham  studies^  revealed  that  under  the  conditions  of  the  experiment 
the  highest-quality  leaf  was  obtained  by  the  use  of  three  to  four  units  of  potash 
for  each  unit  of  nitrogen  applied.  Typical  analytical  data  on  tobacco  leaves 
from  a  high-quality  plot  follow: 


YEAR 


1938 
1939 


NITROGEN 


per  cent 

2.07 
1.93 


POTASSIUM 


per  cent 

2.17 
2.43 


SEDUCING  SUGARS 


per  cent 

22.18 
22.58 


Throughout  a  4-year  study  of  these  plots  it  was  found  that  smaller  applications 
of  potash  resulted  in  a  lowering  of  quality,  of  market  value  per  acre,  and  of  K 
and  reducing-sugar  content  and  an  increase  in  nitrogen  content,  although  nitro- 
gen additions  were  the  same  m  all  plots  in  the  series.  Larger  applications  of 
potash  resulted  in  a  slightly  lower  N  content,  a  slightly  higher  K  content,  with 
but  little  change  in  reducing  sugar  content,  and  slightly  less  monetary  return 

per  acre. 

Tobacco  grown  with  three  or  more  units  of  K2O  per  unit  of  N  was  uniformly 
free  from  leaf  spots  of  all  types  during  the  course  of  the  study,  although  those 
plots  receiving  less  K2O  exhibited  leaf  spots  physiological  and  bacterial  in  nature. 

The  studies  of  the  Chatham  tobacco  included  separate  analyses  of  lower, 
middle,  and  upper  leaves  from  each  of  the  plots  included  in  the  program.  This 
revealed  a  significant  fact  in  the  chemical  composition  of  the  plant.  All  treat- 
ments with  less  than  three  units  of  K2O  per  unit  of  N  resulted  in  the  production 
of  a  plant  with  less  potassium  in  the  lower  leaves  than  in  the  upper  part  of  the 
plant.  This  condition  was  always  found  to  be  associated  with  inferior  quality 
not  only  in  the  K-deficient  lower  leaves  but  in  the  upper  leaves  as  well.  Treat- 
ments giving  the  highest  quality  resulted  in  a  uniform  distribution  of  potassium 
throughout  the  leaves.  Excessive  K2O  fertilization  resulted  in  a  greater  ac- 
cumulation of  K  in  the  lower  leaves  than  in  the  middle  and  upper  leaves.  It 
would  appear,  therefore,  that  potassium  deficiency  actually  exists  in  any  to- 
bacco plant  that  contains  at  maturity  less  potassium  in  the  lower  leaves  than 
in  the  middle  and  upper  leaves  and  that  such  deficiency  is  associated  with  a 
definite  lack  of  quality  in  all  leaves  of  the  plant.  This  work  indicates  that  such 
a  deficiency  is  also  associated  with  susceptibility  to  leaf  spotting,  which  is  fre- 
quently economic  in  severity. 

«  Gribbins,  M.  F.,  Reid,  J.  J.,  and  Haley,  D.  E.  1941  The  distribution  of  potassium  in 
bright  leaf  cigarette  tobacco  and  its  influence  on  the  quality  of  the  leaf.  Jour.  Agr.  Hes. 
63:31-39. 


The  problems  confronting  the  grower  of  cigar-leaf  tobacco  on  the  heavy  soils 
of  Lancaster  County,  Pennsylvania,  differ  from  those  of  the  Virginia  grower  of 
flue-cured  tobacco.  The  yield  of  cigar-filler  leaf  must  be  far  larger  in  terms  of 
pounds  produced  per  acre  than  in  the  case  of  flue-cured  tobacco,  if  a  profit  is  to 
be  realized.  In  addition  the  cigar  leaf  must  contain  approximately  twice  as 
much  nitrogen  and  potassium  as  does  the  flue-cured  leaf.  In  order  to  obtain 
large  yields  of  the  cigar-leaf  tobacco,  either  heavy  applications  of  animal  manure 
or  extensive  green  manuring  supplements  the  use  of  commerical  fertilizers  on 
most  tobacco  land.  Outbreaks  of  leaf  spot  diseases  have  constituted  an  ever- 
present  threat  to  the  Pennsylvania  crop  during  the  last  25  years,  and  yield  and 
quality  on  the  average  farm  have  varied  greatly  with  climatic  conditions  obtain- 
ing from  year  to  year. 

Dry- weather  crops  of  cigar-leaf  tobacco  are  poor  in  quality,  and  the  leaf  is 
heavy,  gummy,  and  difficult  to  ferment.  Potassium  content  is  usually  low  and 
Ca  content  high.  Yields  are  not  satisfactory  in  these  dry  seasons,  but  disease 
in  economic  proportions  does  not  appear.    The  crop  of  1929  is  an  example  of 

such  tobacco. 

Wet-season  crops,  although  not  of  the  best,  are  superior  in  quality  to  dry- 
season  crops,  but  the  leaf  is  thin  and  the  yield  is  not  always  satisfactory.  Con- 
trary to  popular  opinion,  disease  is  of  little  significance  in  wet  seasons  if  there 
has  been  suflficient  moisture  to  maintain  growth  at  all  times.  The  crop  of  1942 
furnishes  an  excellent  example  of  tobacco  produced  in  a  truly  wet  season. 

Seasons  in  which  the  amount  of  rainfall  is  ideal  and  distribution  equitable 
are  infrequent,  but  the  crop  of  1936  furnishes  an  example  of  tobacco  produced 
under  such  conditions.  Yields  are  large,  quality  is  good  under  proper  fertiliza- 
tion, the  leaf  ferments  well,  and  the  chemical  composition  shows  K  in  excess  of 
N  in  the  best  of  the  crop.     Leaf  spot  disorders  do  not  occur  in  such  years. 

The  season  of  erratic  rainfall  distribution  with  periods  of  drought  and  periods 
of  excessive  rainfall  interspersed  constitutes  the  fourth  and  perhaps  the  most 
prevalent  type.  These  conditions  result  in  inferior  quality  in  the  bulk  of  the 
crop  often  poor  burn  and  poor  fermentability,  and  widespread  loss  from  leaf 
spot  diseases.  Such  tobacco  is  relatively  high  in  nitrogen  and  low  in  potassium 
and  contains  abnormally  large  amounts  of  calcium  and  oxalic  acid. 

In  spite  of  these  wide  fluctuations  in  the  bulk  of  the  Pensylvania  crop  due  to 
climatic  conditions  from  season  to  season,  some  growers  year  after  year  produce 
good  tobacco  with  good  yields  and  no  economic  loss  from  disease.  Likewise, 
on  certam  plots  of  the  Pennsylvania  Agricultural  Experiment  Station  similar 
tobacco  has  been  produced,  although  adjoining  plots  yielded  small  amounts  of 
inferior  leaf,  riddled  in  many  cases  with  leaf  spot  diseases. 

On  the  basis  of  this  knowledge,  extensive  surveys  were  made  by  the  authors 
and  additional  plot  work  was  undertaken.  Having  previously  determined  ha 
the  bacteria  associated  with  leaf  spots  constituted  a  normal  part  of  the  plant 
flora  and  that  leaf  spot  incidence,  therefore,  was  in  no  way  related  to  the  mere 
presence  of  the  epiphyte,  the  authors  were  in  a  position  to  study  ^^e  -P"^ 
of  the  leaf  spot  diseases  to  determine  why  certain  plants  succumbed  while  others 
lived  in  health  with  the  organism  as  a  harmless  saprophyte  on  the  leat. 
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From  the  field  surveys  and  chemical  analyses  of  tobacco  procured  from  grow- 
ers in  addition  to  crops  from  the  experimental  plots  it  was  evident  that  disease 
resistance  invariably  accompanied  excellence  in  quality  and  that  such  tobacco 
contained  at  least  as  much  K  as  N.  On  the  other  hand,  this  information  could 
not  be  directly  related  to  K  fertilization,  as  many  plots  and  fields  heavily  ferti- 
lized with  K  failed  to  produce  either  high  quality  or  disease  resistance  under 
erratic  rainfall.  Chemical  analyses  showed,  however,  that  these  plants  had 
failed  to  assimilate  adequate  amounts  of  K,  although  tests  showed  its  avail- 
ability in  the  soil  at  the  end  of  the  growing  season.  For  example,  plots  in  the 
4-year  rotation  in  1937  which  received  at  least  1,000  pounds  per  acre  of  a  3-8-12 
fertilizer  yielded  tobacco  of  high  quality  and  with  insignificant  leaf  spotting, 
whereas  plots  in  the  3-year  rotation  with  equivalent  fertilization  suffered  more 
than  20  per  cent  loss  from  leaf  spot  diseases  and  the  tobacco  remaining  was  poor 
in  quality  and  yield.  Analyses  revealed  that  the  tobacco  in  the  4-year  rotation 
had  taken  up  almost  as  much  K  as  N  whereas  that  in  the  3-year  rotation  had 
absorbed  only  about  half  as  much  K  as  N.  Examination  of  root  systems  showed 
that  the  plants  on  the  4-year  rotation  had  developed  almost  normally,  whereas 
the  roots  of  the  plants  of  the  3-year  rotation  plots  were  much  less  extensive. 
The  initial  handicap  of  the  soil  under  the  two  systems  of  rotation  was  determined 
by  a  study  of  the  check  plots  and  is  very  pertinent  to  the  entire  problem.  These 
data  are  briefly  summarized  as  follows: 


DOTATION 

NATUJKE  OF  LAND 

LEAF  SPOT 
DAMAGE 

YIELD 
PER  ACRE 

SALABLE 
TOBACCO 
PER  ACRE 

4-year 
3-year 
3-year 

Untreated  corn  land 
Untreated  clover  land 
Untreated  alfalfa  land 

per  cent 

11.9 
31.2 
35.7 

lbs. 

1008 

1092 
1176 

lbs. 

888 

751 
756 

It  is  obvious  from  these  data  that  a  given  treatment  had  a  much  greater 
handicap  to  overcome  on  the  legume  sodland  than  on  the  stalkland. 

Further  plot  studies,  based  on  this  information,  showed  that  in  those  years  of 
erratic  precipitation  with  drought  followed  by  excessive  rainfall,  the  tobacco 
plant  deteriorated  in  quality  and  in  disease  resistance  in  accordance  with  the 
extent  to  which  it  suffered  from  interruptions  in  growth  followed  by  tremendous 
N  uptake  at  the  break  in  the  drought.  Physiological  youth  of  some  plants  would 
save  them  from  disaster  whereas  those  undergoing  such  interruptions  while 
physiologically  old  invariably  suffered  severely.  Soil  drainage,  tilth,  rotation, 
manurial  treatments,  and  cultivation  as  well  as  commercial  fertilization  deter- 
mine the  extent  to  which  a  plant  may  continue  to  grow  and  develop  normally 
under  adverse  conditions. 

For  proper  tilth  and  moisture-holding  capacity  in  the  heavy  soils  of  Lancaster 
County,  Pennsylvania,  a  liberal  supply  of  humus  is  necessary.  This  need  can- 
not be  met  by  the  incorporation  of  old  plant  residues  or  of  fresh  animal  manures 
if  there  is  insufficient  moisture  to  accomplish  the  conversion  of  this  raw  material 


to  humus.  The  plant  living  over  a  bed  of  fermenting  organic  material  is  usually 
suffering  from  microbial  competition  not  only  for  moisture,  if  rainfall  is  scant, 
but  also,  in  the  early  stages  of  growth,  for  nitrogen  if  the  organic  material  is 
deficient  in  readily  available  nitrogen.  Far  from  supplying  the  moisture-holding 
capacity  of  humus,  these  raw  materials  actually  act  in  the  opposite  direction 
until  humification  has  been  accomplished  in  large  measure. 

The  solution  to  the  question  of  the  lack  of  proper  nutrient  absorption  by 
tobacco  on  old  legume  sodland  in  years  of  erratic  precipitation  is,  therefore,  a 
simple  one.  Such  soil  does  not  provide  a  moisture  reserve  for  uninterrupted 
growth.  Moreover,  it  contributes  the  most  N  to  the  plant  not  when  needed  in 
such  seasons  but  rather  when  the  plant  is  unable  to  take  care  of  excessive  N 
absorption.  On  a  soil  manured  with  unfermented  animal  manure,  fermentation 
is  somewhat  more  readily  accomplished  and  N  deficiency  in  the  early  part  of  the 
season  is  less  likely  to  occur. 

Further  investigations  have  shown  that  any  condition  which  restricts  root 
development  or  deprives  a  plant  of  sufficient  moisture  in  time  of  drought  leads  to 
growth  interruption,  poor  K  uptake,  N  uptake  at  the  wrong  period,  inferior 
quality,  and  susceptibility  to  disease. 

In  order  to  ensure  utilization  of  applied  potassium,  with  consequent  improve- 
ment in  quality  and  increase  in  disease  resistance,  the  tilth  and  moisture  rela- 
tionships of  the  soil  must  be  considered  and  adequate  provision  made  through 
cultural  practices  to  maintain  the  soil  in  good  tilth  and  provide  an  adequate 
moisture-holding  capacity  so  that  growth  may  continue  under  adverse  condi- 
tions. No  tobacco  plant  is  any  better  than  its  root  system,  and  only  in  this 
manner  may  a  normal  root  system  be  developed  in  unfavorable  seasons. 

Practices  which  provide  such  assurance  of  continued  growth,  adequate  potas- 
sium uptake,  and  the  quality  and  resistance  which  this  guarantees,  may  be 
briefly  summarized  as  follows: 

The  site  must  be  selected  with  respect  to  good  drainage.  Good  tilth  must  be  provided. 
Humus  must  be  supplied,  preferably  through  the  application  of  well-rotted  animal  manure, 
but  if  this  is  unavailable  green  manure  may  be  substituted.  It  must  be  plowed  under  in 
the  succulent  state  if  a  crop  is  to  be  planted  at  once.  Rotations  should  be  arranged  so 
that  the  tobacco  crop  is  never  transplanted  to  a  field  in  which  old  legume  residues  have  just 
been  plowed  under.  Cultivation  should  be  adequate  and  should  not  damage  or  restrict 
root  growth.  Fertilizer  applications  should  be  sufficient  to  meet  the  demands  of  the  crop 
and  should  include  at  least  three  times  as  much  potash  as  nitrogen.  The  method  of  applica- 
tion should  promote  rather  than  restrict  root  development. 

The  experience  of  practical  growers  who  have  followed  this  system,  and  the 
results  of  experimental  plot  work,  indicate  that  in  this  manner  good  yields  of 
excellent  quality  tobacco,  free  from  disease,  may  reasonably  be  expected  in  the 
face  of  climatic  conditions  that  prove  disastrous  to  the  crop  in  general. 
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f         \  HA  r  hay  was  Iiay  and  corn  was  corn  as  tar  as 

T  their  feeding  value  in  livestock  production  was 
concerned  was  an  idea  prevalent  not  many  years 
A  ago.  Apparently,  the  only  thing  considered  oi 
importance  in  crop  production  was  the  yield.  Ihat 
viewpoint  is  rapidly  changing,  thanks  to  the  increased 
knowledge  oi  plant  and  animal  nutrition  and  a  growing 
understanding  of  the  influence  of  soil  fertility  on  the 
nutritive  value  of  grain,  hay  and  other  crops. 

It  is  a  recognized  fact  that  animals  must  depend, 
either  directly  or  indirectly,  upon  plants  for  all  of  their 
food.  Plants  must  in  turn  depend  upon  the  soil,  water 
and  air  for  their  well-being.  Furthermore,  it  is  known 
that  the  elemental  composition  of  the  soil  itself  is  in 
large  measure  influenced  by  the  parent  rock.  It  is  now 
recognized  that  an  excess  or  deficiency  of  a  given  soil 
element  will  not  only  interfere  with  normal  plant 
development  but  animal  development  as  well,  provided 
the  vegetation  of  the  given  locality  constitutes  the  maii\ 
source  of  nutrients  for  the  animals.  Many  animal  dis- 
orders are  now  attribtited  to  the  character  of  the  vege- 
tation grown  in  an  area,  in  which  the  animals  are 
produced,  it  is  well  known  that  farm  animals  restricted 
lo  nalinal  forages  reflect  in  their  rate  of  growth,  ai)pear- 
ance,  phvsical  condition  and  performance,  not  only  the 
nutritive  value  of  the  forages  but  the  fertility  of  the 
soil  as  well.  For  example,  the  excellence  of  animals 
produced  in  such  areas  as  the  Blue  Grass  Region  ot 
Kentuckv  reflect  a  high  degree  of  soil  fertility,  while  m 
other  localities  the  farm  aniinals  mav  aonear  less  thriltv 
and  j)roduc* 
in  those  y 

Due  u 
discus*' 
nutr 
m? 
r 

ipiqAV  uoiupuo3  K  Sju^iiinu  jo  ^rm^\^i\  [KJii^oioisXqd 
^^\  qjiAi  Xfsnouas  3a9]a9jui  akui  ui^ncup  k  M3A()oa()[AI 
•Avoi  aiB  suompuoD  Djn^siom  aqi  aasqM  qiiA^  psaapaiui 
Aisnouas  si  'lunissBiod  Annp^ds^  s^uauiap  aaziipa^J  Jo 
o^EMii  Di\{  'pu^q  Ji3i\}o  oqi  UQ  suonipuo.i  Am^\  ^H^ 
iapun'  spos  os9q]  uioaj  p9q3B9[  9aB  siu^iuop  iimi^D  'IFJ 
-uiLU  AABoq  oo)   uo  M>  xi\^noJip  uo  ^uii^a.iA  suoiiipno) 


I  'kr'vi  I  •« 


/"»*' 


f^f\ 


./v«;vii 


XT  I  *« 


111    Mlll*>    111 


In  comparison  wit 
cient  areas  in  this  c( 
low-calcium  forage  i> 
ception  is  the  acid  s 
cows  on  pasture  wit 
to  stich  an  extent  that 
these  conditions  mil 
rapidly  decline. 

There  are  many  ^ 
which  the  calciimi  su| 
are  such  that  legim 
content  of  plants  is  h 
due  to  a  deficiency  ( 
plant  being  unable  i 
calcium  content  of  pi 
by  application  ol  fei 
not  the  soil  react ioi 
calcium  use  by  the  p 

Iron,  < 

These  elements  hav 
in  animal  nutrition 
absence    ol    either   o 
results.  In  cattle,  nutr 
for  many  years.  In  Fl 
Holland   as   "lecksiu 
South  Africa  as  "nak 
sickness"  and  in  Ma 
instances  a  lack  ol  i 
area  has  been  found 
shortages  of  copper 
factors  in  some  areas 
by  adding  the  miner 
better  by  applying  t 
disease  is  characterize 
of  appetite  followed 
varying  severity. 

An  interesting  fact 
is  that  to  date  sheej 
that  have  shown  c( 
healthy  for  generatio 
ill  in  four  months, 
cient  soils  occur  in  s( 
New  Zealand.  The  s( 
appears  to  be  an  e\ 
soil  and  plants  in  the 
in  all  res|>ects  exec  pi 


Iodine  is  an  elen  < 
quantities   that    is  el 
efl^ect  on  man  and  a 
portance  of  idoine  ii 
types  of  human  goito 
plishments  of  medic! 
goiter  in   some  regi 
Wisconsin,   Minncsci 
and  North  Dakota.  H 
a  very  low  iodine  (( 
soils  are  generally  j 
the  power  of  combir 
that    mav    have    h<- 


258 


SOIL  COMPOSITION  HAS  DIRECT 
RELATION  TO   ANIMAL  HEALTH 


Mineral  Nutrienis  oi  Farm  Crops 
Show  Variaiions  Throughout  Country 


MM»liill"»"l'  - 


By  ROBERT  V.  BOUCHER  and  D.  E.  HALEY 

Department  of  Agricultural  and  Biological  Chemistry 
Pennsylvania  State  College 
State  College.  Pa. 


j        {  HA  r  hay  was  hay  and  corn  was  corn  as  far  as 

Tlheir  feeding  value  in  livestock  production  was 
concerned  was  an  idea  prevalent  not  many  years 
\  ago.  Apparently,  the  only  thing  considered  of 
importance  in  crop  production  was  the  yield.  That 
viewpoint  is  rapidly  changing,  thanks  to  the  increased 
knowledge  of  plant  and  animal  nutrition  and  a  growing 
understanding  of  the  influence  of  soil  fertility  on  the 
nutritive  value  of  grain,  hay  and  other  crops. 

It  is  a  recognized  fact  that  animals  must  depend, 
either  directly  or  indirectly,  upon  plants  for  all  of  their 
food.  Plants  must  in  turn  depend  upon  the  soil,  water 
and  air  for  their  well-being.  Furthermore,  it  is  known 
that  the  elemental  composition  of  the  soil  itself  is  in 
large  measure  influenced  by  the  parent  rock.  It  is  now 
recognized  that  an  excess  or  deficiency  of  a  given  soil 
element  will  not  only  interfere  with  normal  plant 
development  but  animal  development  as  well,  provided 
the  vegetation  of  the  given  locality  constitutes  the  main 
source  of  nutrients  for  the  animals.  Many  animal  dis- 
orders are  now  attribiued  to  the  character  of  the  vege- 
tation grown  in  an  area,  in  which  the  animals  are 
produced.  It  is  well  known  that  farm  animals  restricted 
to  natural  forages  reflect  in  their  rate  of  growth,  appear- 
ance, phvsical  condition  and  performance,  not  only  the 
nutritive  value  of  the  forages  but  the  fertility  of  the 
soil  as  well.  For  example,  the  excellence  of  annuals 
produced  in  such  areas  as  the  Blue  Grass  Region  ol 
Kenttickv  reflect  a  high  degree  of  soil  fertility,  while  ni 
other  localities  the  farm  animals  may  appear  less  thrifty 
and  productive,  indicating  a  low  degree  of  soil  fertility 
in  those  particular  areas. 

Due  to  the  limits  of  the  space  allowed,  the  following 
discussion  will  necessarily  be  limited  to  the  six  ni»"eral 
nutrients  of  greatest  practical  importance  to  the  teed 
man  and  his  customer,  the  farmer.  The  story  of  the 
relationship  of  soil  fertility  to  vitamin  and  protein 
content  of  crops  had  best  wait  for  the  resuUs  of  future 
experiments.  Likewise,  a  discussion  of  the  influence  ol 
climate  and  genetics  must  be  omitted. 

Phosphorus 
There  are  large  areas  in  many  countries  where  serious 
losses  in  livestock  are  the  restilt  of  the  low  P^^>^P»;^>7»^ 
content  of  forage  crops.  This  abnormallv  1-^  >  ^^s^ 
phorus  content  is  due  to  conditions  which  include  lack 
;,f  phosphorus  in  the  soil  and  just  as  frequently  condi- 
tions which  prevent  the  phosphorus  from  bcMUg  aken 
up  bv  the  plant  although  it  may  be  present  in  rela  ive 
abundance.  This  latter  condition  exists  in  South  Africa 
where  great  losses  to  the  livestock  industrv  were  found 
to  be  due  to  the  fact  that  onlv  about  i  per  ^em  of  he 
total   phosphorus  in   the  soil  was  in  a  condition  that 


could  be  used  by  the  plants. 

There  is  an  interesting  situation  existing  in  the 
Central  Basin  of  middle  Tennessee  wiiere  there  are 
extensive  areas  of  tinusuallv  fertile  soils.  Ihe  soil  on 
the  hills  surrounding  this  area  contain  about  one-sixth 
as  much  phosphorus  as  the  soil  in  the  Basin.  It  was 
found  that  lespedeza  hay  grown  in  this  area  contained 
0.27  per  cent  phosphorus  while  the  same  hay  cut  at  the 
same  stage  in  fields  on  the  surrounding  hills  contained 
only  0.1  per  cent  phosphorus.  When  steers  were  fed 
clover  hay  from  these  two  localities,  those  fed  hay  grown 
in  the  Basin  gained  50  per  cent  faster  than  those  fed 
from  the  other  district. 

In  grazing  areas  located  in  some  parts  of  Florida,  the 
low  phosphorus  content  of  both  the  soil  and  the  forage 
does  not  account  for  all  of  the  deficiency  diseases  in  live- 
stock. The  yield  of  forage  may  be  low  and  it  may  likewise 
be  deficient  in  important  nutrients  other  than  phos- 
phorus, resulting  in  serious  losses  in  the  livestock  in- 
dustry. 

Ihe  phosphorus  deficiency  disease  in  cattle  is  known 
as  "stifles"  or  "sweeny."  A  common  symptom  is  a  craving 
for  materials  such  as  bones  or  oyster  shells.  1  he  cattle 
become  stiff  and  lame,  lose  weight  and  the  cows  give 
less  milk.  Some  die  while  others  are  weakened  to  the 
extent  that  they  are  more  susceptible  to  other  diseases. 

In  this  country  phosphorus  deficient  areas  are  known 
to  exist  in  Alabama,  Florida,  Michigan,  Minnesota, 
Montana,  lennessee,  Texas  and  Wisconsin.  The  condi- 
tion can  be  corrected  by  feeding  bone  meal  or  by  proper 
soil  management  directed  at  releasing  the  phosphorus 
a^lready  present  or  by  the  addition  of  j)hosphorus  in  the 
form  of  fertilizer. 

Phosphorus  deficiency  is  not  limited  to  range  or 
pasture-fed  animals  for  it  does  occur  in  barn  or  lot 
feeding  when  the  feed  has  been  grown  on  phosphorus 
poor  soil  or  when  poor  feeding  practices  are  followed. 
It  is  not  always  realized  that  the  best  roughage  is  not 
a  rich  source  of  phosphorus  nor  that  all  concentrates 
are  not  good  sources  of  this  element.  During  rapid 
growth  or  high  milk  production  special  care  must  be 
taken  to  select  feeds  that  will  make  the  ration  adequate. 
This  was  emphasized  by  a  recent  investigation  of  phos- 
phorus deficiency  in  Pennsylvania.  No  areas  of  phos- 
j)h()rus  deficient  soil  were  found  Init  some  of  the  rough- 
ages being  fed  such  as  corn  stover,  timothy  hay  and 
wheat  straw  were  generally  low  in  tliis  element.  It  was 
concluded  that  phos|)horus  deficiency  hould  never  occur 
if  good  feeding  practices  are  followed;  such  practices 
include  the  use  of  better  roughage'  in  place  of  stover 
and  straw  and  the  selection  of  (oncntrates  rich  in 
phosphorus. 


I 


{lieprintc^t  from  the  1943  FEED  BAG  RED  HOOK) 


<. 


Calcium 

In  comparison  vith  the  numerous  phosphorus  defi- 
cient areas  in  thi  country,  there  are  few  areas  where 
low-calcium  foragi  is  known  to  cause  trouble.  An  ex- 
ception is  the  acii  s;indy  soil  of  Florida  where  dairy 
cows  on  pasture  w  tlidraw  calcium  from  their  bones 
to  such  an  extent  th  i;  they  can  be  readily  broken.  Under 
these  conditions  nn'k  production  and  general  health 
rapidly  decline. 

There  arc  man\  soils,  throughout  the  country,  in 
which  the  calcium  supply,  the  acidity  or  other  conditions 
arc  such  that  legumes  will  not  grow.  1  he  calcium 
content  of  plaius  is  lowest  on  acid  soils,  not  necessarily 
dtie  to  a  deficiency  of  calcium  in  the  soil  but  to  the 
plant  being  iniablc  lo  use  that  which  is  present.  The 
calcimn  content  ol  plants  may  or  may  not  be  increased 
by  application  of  fertilizer,  depending  on  whether  or 
not  the  soil  reaction  and  rainfall  are  favorable  for 
calcium  use  by  the  plants. 

Iron,  Cobalt  and  Copper 

These  elements  have  this  in  common,  they  are  required 
in  animal  nutrition  in  very  small  amounts  and  in  the 
absence  of  either  one  of  them,  nutritional  anemia 
results.  In  cattle,  nutritional  anemia  has  been  recognized 
for  many  years.  In  Florida  it  is  known  as  "salt-sick,"  in 
Holland  as  "lecksucht,"  in  Scotland  as  "pining,"  in 
South  Africa  as  "nakuruitis,"  in  New  Zealand  as  "bush- 
sickness"  and  in  Massachusetts  as  "neck  ail."  In  most 
instances  a  lack  ot  iron  in  the  soils  and  crops  of  the 
area  has  been  found  to  be  the  cause  of  the  disease  btu 
shortages  of  copper  and  cobalt  may  be  contributing 
factors  in  some  areas.  The  condition  mav  be  corrected 
by  adding  the  minerals  directly  to  the  feed  or  perhaps 
better  by  applying  them  as  fertilizer  to  the  soil.  The 
disease  is  characterized  by  an  unthrifty  condition,  failure 
of  appetite  followed  by  loss  of  weight  and  anemia  of 
varying  severity. 

An  interesting  fact  that  applies  specifically  to  cobalt 
is  that  to  date  sheep  and  cattle  are  the  only  animals 
that  have  shown  cobalt  deficiencies.  Horses  remain 
healthy  lor  generations  on  pasture  where  sheep  become 
ill  in  four  months.  The  most  pronounced  cobalt  defi- 
cient soils  occur  in  some  coastal  areas  of  Australia  and 
New  Zealand.  The  so-called  "coast  disease"  in  Australia 
appears  to  be  an  example  of  single  deficiency  for  the 
soil  and  plants  in  the  affected  areas  seem  to  be  adecpiate 
in  all  respects  except  cobalt. 

Iodine 

Iodine  is  an  element  occurring  in  the  soil  in  small 
(juantities  that  is  of  great  importance  because  of  its 
effect  on  man  and  animals.  The  discovery  of  the  im- 
portance of  idoinc  in  the  diet  for  the  control  of  certain 
types  of  human  goiter  is  one  of  the  outstanding  accom- 
plishments of  m((h'cine.  There  is  a  high  incidence  of 
goiter  in  some  rtuions,  namely,  parts  of  Switzerland, 
Wisconsin,  Minn'  ota,  Washington,  Michigan,  Idaho 
and  North  Dakota.  ligh  incidence  of  goiter  ac  comj)anies 
a  very  low  iodine  (ontent  of  the  soil.  Iodine-deficient 
soils  are  generally  (|uite  acid  and  they  do  not  ])ossess 
the  power  of  combining  with  and  retaining  the  iodine 
that  may  have  be>^n  there  originally.  They  may 
contain  only  a  few  parts  of  iodine  per  billion  parts  of 
soil,  which  is  not  enough  to  grow  plants  with  sufficient 
iodine  content  to  ]:)rcvent  goiter  in  the  animals  that 
eat  the  forage  and  grain  produced  on  such  soil. 

The  birth  of  hairless  ]>igs  has  resulted  from  feeding 
brood  sows  diets  low  in  iodine.  Goiters  have  been 
produced  in  calves  and  chickens  by  feeding  rations  low 


in  iodine.  In  some  cases  the  application  of  small  quanti- 
ties of  iodine  to  the  soil  has  resulted  in  a  slight  increase 
in  crop  yield,  but  the  main  value  of  such  additions 
would  seem  to  be  the  increase  in  the  iodine  content  of 
plants  that  may  supply  the  element  to  livestock  and 
directly  or  indirectly  through  meat,  poultry  and  dairy 
|)roducts  to  man.  Iodine  is  now  widely  added  to  human 
diets  and  livestock  rations  by  incorporating  it  into  the 
salt. 

Relation  oi  Fertilizers  to  Soils 

The  effectiveness  of  fertilizer  application  and  the 
response  obtained  is  governed  to  a  large  extent  by  a 
luunber  of  factors  which  include: 

1.  Ihe  Nature  of  the  Soil. — In  the  weathering  of  the 
parent  rock,  under  certain  tropical  conditions,  bases 
such  as  potassium,  in  combination  with  silicic  acid,  may 
be  leached  to  lower  levels,  leaving  a  residue  of  iron  and 
aliuninum  oxides.  Such  soils  do  not  hold  bases  such  as 
calcium  to  any  appreciable  extent  but  may  form  com- 
l)inations  with  j)hosphoric  acid  which  are  practically 
unavailable  to  the  plants  grown  thereon.  In  this  con- 
nection, it  can  be  stated  that  this  tendency  may  be 
observed  in  many  other  types  of  soils  as  well.  An  acid 
soil  c(m tain ing  soluble  iron  may  render  the  phosphoric 
acid  unavailable  for  plant  growth.  Regulation  of  the 
aciditv  of  the  soil  bv  means  of  additions  of  lime  will 
tend  to  overcome  this  condition.  However,  over  liming 
tends  to  render  the  phosphoric  acid  unavailable  as  well. 
Therefore,  a  reaction  slightly  on  the  acid  side  of  the 
neutral  point  is  most  desirable  in  this  particular  in- 
stance. 

A  far  different  condition  of  weathering  may  be  noted 
in  certain  arid  regions.  Here  is  found  evidences  of 
weathering  with  but  little  if  any  leaching.  This  condi- 
tion has  served  to  build  up  inorganic  base-exchange 
complexes  which  tend  to  hold  alkaline  materials  against 
the  forces  of  leaching,  once  these  soils  are  placed  under 
irrigation.  However,  these  soils  are  quite  fertile  and  do 
not,  as  a  rule,  require  extensive  fertilizer  additions. 
If  such  additions  are  made,  the  nutrients  should  be 
readily  available  for  plant  growth. 

In  certain  hmnid  regions,  the  influence  of  organic 
matter  is  noted  in  the  weathering  of  the  soils.  Here 
may  be  found  a  residue  of  sand  in  the  upper  layers  and 
the  normally  occurring  iron  and  aluininiun  carried  to 
lower  levels.  As  a  rule,  however,  such  soils  contain 
relatively  large  quantities  of  both  clay  and  silt.  Under 
proper  conditions  of  soil  management,  such  soils  should 
respond  in  large  measure  to  a  given  fertilizer  treatment. 

2.  Soil  Acidity. — Agricultural  crop  plants,  as  a  rule, 
rtHjuire  a  soil  slightly  acid  in  reaction  for  normal 
growth  and  development.  If  allowed  to  become  too 
acid,  there  may  be  a  deficiency  of  both  iron  and  phos- 
phoric acid  as  well  as  calcium.  Usually,  these  are  calcium 
deficient  soils  and  it  is  known  that  plant  growth  on 
such  soils,  when  consumed  bv  animals  leads  to  disorders. 
I'hc  reaction  f)f  such  soils  should  be  controlled  by  lim- 
ing if  a  response  is  to  be  expected  from  a  given  fertilizer 
treatment. 

3.  Soil  Moisture. — An  agricidtural  soil  which  under 
normal  (onditions  of  rainfall  should  respond  to  a  given 
fertilizer  treatment  w^ill  not  necessarily  do  so  under 
conditions  verging  on  drought  or  on  too  heavy  rain- 
fall. Certain  elements  are  leached  from  these  soils  under 
the  latter  conditions.  On  the  other  hand,  the  intake 
of  fertilizer  elements  especially  potassium,  is  seriously 
interfered  with  where  the  moisture  conditions  are  low. 
Moreover,  a  drought  may  interfere  seriously  with  the 
|)hysiological   balance  of  nutrients,   a  condition  which 


may  prove  detrimental  to  the  plant  as  well  as  to  the 
animal  that  depends  upon  the  plant  for  its  food  supply. 
4.  Organic  Matter.— In  large  measure  the  absorp- 
tion of  nutrients  necessary  for  growth  of  plants  is 
governed  by  the  extent  of  root  development.  Mineral 
soils  may  be  more  or  less  impervious  to  the  entrance 
of  both  air  and  water  which  often  results  in  stunted 
root  development,  with  limited  powers  of  absorptioiL 
The  addition  of  organic  matter,  followed  by  its  decom- 
position, may  lead  to  a  marked  binding  effect,  forming 
relatively  stable  combinations  where  the  finer  particles 
are  united  to  larger  soil  particles.  Such  a  condition 
tends  to  insure  the  proper  response  of  the  soil  to  a  given 
fertilizer  treatment. 

The  longer  a  soil  is  cultivated  the  greater  the  chance 
for  deficiencies  to  arise.  When  the  soils  of  the  corn  belt 
areas  of  the  United  States  were  first  placed  under 
cultivation,  good  crop  growth  of  high  nutritional  value 
was  possible  to  obtain  without  the  use  of  fertilizers. 
As  time  went  on,  however,  attention  was  drawn  to  many 
deficiencies  arising  in  this  and  other  cultivated  parts 
of  the  world.  In  many  cases  there  are  sufficient  quantities 
of  a  given  element  to  insure  crop  growth  but  not  for 
the  production  of  plants  of  a  high  nutritional  value. 

As  stated  before,  our  attention  in  the  past  has  been 
centered  on  crop  yield  rather  than  quality  production. 
Some  say  that  yield  and  quality  may  not  be  compatible 
but  this  is  not  true. 

In  conclusion  it  may  be  said  that  all  of  these  rela- 
tionships between  soil  fertility  and  nutritive  value  of 
plants  are  of  importance  not  only  to  livestock  but  to 
man  as  well.  There  are  regions  where  goiter,  skin 
diseases,  weak  and  deformed  bones,  mottled  teeth  and 
nervous  disorders  are  common.  It  is  recognized  that 
many  of  these  diseases  are  the  result  of  restricted  diets  or 
of  eating  plants  and  animals  produced  on  soils  either 
deficient  in  certain  elements  or  containing  others  injuri- 
ous to  health.  Thus  it  is  plain  that  plants,  animals  and 
man  depend  first,  last  and  always  on  the  soil  for  life  and 
health. 
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The  color  of  cured  meat  is  generally  recognized  as  an  important  factor 
in  the  determination  of  its  market  value  even  though  it  has  not  been 
demonstrated  that  the  color  actually  affects  the  quality  of  the  product. 

Since  the  work  of  Haldane  (1901),  Hoaglund  (1914),  Giinther  (1921), 
and  Urbain  and  Jensen  (1940),  it  has  been  known  that  the  red  pigments 
of  cured  meat,  nitric  oxide  myohemoglobin  and  nitric  oxide  hemoglobin, 
are  formed  by  the  myohemoglobin  or  hemoglobin  respectively  in  the  meat 
muscle,  and  the  nitrite  of  the  curing  pickle.  That  the  quality  and  uniform- 
ity of  the  color  developed  in  the  meat  by  this  reaction  is  affected  by  other 
factors  has  been  definitely  established.  The  following  list  contains  the 
known  or  suspected  factors  influencing  the  color  development  in  cured 
meat: 

1.  Nitrite  absorbed  by  the  meat.  (Enough  nitrite  must  be  present  to  form  sufficient 
nitric  oxide  myohemoglobin  to  give  a  desirable  color.) 

2.  Amount  of  myohemoglobin  or  hemoglobin  in  the  tissue.  (Enough  myohemoglobin 
or  hemoglobin  must  be  present  to  produce  a  desirable  color  shade  after  the  reaction 
with  nitrite.) 

3.  Microorganisms.  (Effect  of  nitrate  reducing  bacteria  is  important  in  nitrate  cures 
in  producing  sufficient  nitrite  for  the  pigment  reaction.  Secondary  effects  of  micro- 
organisms in  nitrite  cures  are  rather  obscure,  but  probably  may  enhance  the  re- 
action by  helping  to  maintain  reducing  conditions  or  hinder  reaction  by  oxidizing 
meat  pigments.) 

4.  Sugars  in  the  presence  of  microorganisms.  (Sucrose  is  converted  to  reducing  sugars 
by  microorganisms  which  help  maintain  the  reducing  conditions  in  the  meat  neces- 
sary for  normal  nitric  oxide  myohemoglobin  formation.) 

5.  Atmospheric  oxygen.  (May  affect  the  color  by  oxidizing  nitric  oxide  myohemoglobin 
to  the  brown  pigment  metmyohemoglobin.) 

6.  Ionic  concentration  of  the  pickle  solution.  (May  speed  up  oxidation  by  lowering 
the  pH.) 

7.  Oxidation-reduction  potential  of  the  meat.  (Normally,  the  reducing  conditions  nec- 
essary for  proper  formation  of  nitric  oxide  myohemoglobin  are  present  in  the  meat.) 

8.  Structure  of  the  meat  muscle.  (Structure  and  arrangement  of  the  muscle  fibers 
may  give  slightly  different  optical  properties  and  produce  color  differences.) 

9.  Temperature  of  curing.  (Influence  obscure;  however,  indirectly  high  temperature 
is  an  undesirable  factor,  since  it  favors  accelerated  bacterial  growth.) 

10.  Desiccation.    (Affects  optical  properties  of  the  meat  [reflection,  etc.]  and  so  affects 
color.) 

11.  pH.    (Has  effect  on  speed  of  nitrite-myohemoglobin  reaction.    Controversial  evidence 
regarding  effect  on  color.) 


^  From  a  thesis  submitted  by  P.  C.  Duisberg  in  partial  fulfillment  of  the  requirements 
for  the  Degree  of  Master  of  Science  in  Agricultural  Biochemistry. 

*  Authorized  for  publication  on  June  13,  1942,  as  paper  No.  1113  in  the  Journal  Series 
of  the  Pennsylvania  Agricultural  Experiment  Station. 
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Among  these  factors,  the  data  concerning  the  relationship  between  pH 
and  color  development  are  particularly  scant  and  inconclusive.  Moulton 
(1936)  and  Callow  (1930)  obtained  indirect  evidence  of  a  relationship  be- 
tween the  pH  and  the  color  of  cured  meat.  Winkler,  Hopkins,  and  Thistle 
(1940),  using  bacon  sides,  found  a  moderate  degree  of  association  between 
color  quality  and  pH.  Urbain  and  Jensen  (1940),  on  the  other  hand,  using 
buffered  solutions  of  nitric  oxide  hemoglobin  prepared  from  hogs'  blood, 
found  no  significant  spectrophotometric  differences  over  a  pH  range  of  5.1 
to  8. 

In  view  of  the  economic  importance  of  obtaining  desirable  color  forma- 
tion in  cured  meats  the  present  study  was  planned  to  obtain  further  data 
dealing  with  the  effect  of  pH  on  color  development  in  cured  meat. 

EXPERIMENTAL  PROCEDURE 

In  order  to  study  the  relationship  between  the  pH  and  the  color  de- 
veloped in  cured  meats,  it  was  necessary  to  develop  a  laboratory  method 
of  curing  which  would  approximate  actual  curing  conditions  as  closely  as 
possible  and  in  which  the  known  variable  factors  in  meat  curing  could  be 
controlled.  In  order  to  minimize  any  variation  owing  to  differences  in  the 
meat  and  the  method  of  curing,  a  standard  method  of  sampling  and  of 
curing  was  adopted. 

Pork  loin  was  cut  into  one-inch  strips  perpendicular  to  the  rib  bones. 
Fat  deposits  were  trimmed  away  and  one-inch  cubes,  weighing  approxi- 
mately 20  grams,  were  cut.  Only  samples  of  pork  between  pH  5.6  and  5.7 
were  used  for  curing.  The  pork  samples  were  placed  under  a  General  Elec- 
tric Germicidal  Lamp  for  10  minutes  and  then  turned  over  with  sterile 
forceps  for  an  additional  10  minutes.  At  the  same  time,  25  milliliters  of 
pickle  solution  were  pipetted  into  a  glass  curing  jar  (height,  three  inches; 
diameter,  one  and  one-half  inches;  having  a  ground  glass  stopper)  and 
radiated  under  the  lamp  for  20  minutes.  The  pork  was  immersed  in  the 
pickle  solution  (with  the  forceps),  the  ground  glass  cover  attached,  and 
the  samples  stored  in  the  refrigerator  at  4°C.(39.2°F.). 

After  a  curing  period  of  24  hours  the  moisture,  salt,  and  nitrite  con- 
tents were  found  to  be  within  the  limits  found  in  cured  pork  and  the  color 
and  flavor  were  characteristic  of  cured  pork. 

The  pickle  solution  contained  24  per  cent  NaCl,  nine  per  cent  sucrose, 
.49  per  cent  NaNOs,  and  .057  per  cent  xNaNO^,  and  had  a  salinometer  value 
of  82°  at  25°C.(77°F.).  The  pickle  was  made  from  C.  P.  salts  dissolved 
in  distilled  water.  ^ 

The  growth  of  microorganisms  was  inhibited  by  placing  the  samples 
under  the  Germicidal  lamp  even  though  the  work  of  Haines  (1937)  showed 
that  the  effect  of  microorganisms  could  not  be  great  in  curing  periods  of  24 
hours  at  low  temperatures.  A  subsequent  study  showed  that  in  the  described 
procedure  there  was  no  significant  variation  in  the  pH  of  the  pork  or  the 
pickle  after  as  much  as  seven  days'  storage. 

Owing  to  the  use  of  sucrose  and  the  control  of  microorganisms,  there 
was  no  positive  test  for  reducing  sugars  with  Fehling's  solution  until  about 
the  seventh  day  of  curing.  Therefore,  the  combined  effect  of  microorganisms 
and  sugars  was  controlled  by  the  method  of  curing. 
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The  pH  measurements  on  the  pork  were  made  with  a  plunging  glass 
electrode,  and  on  the  pickle  with  a  glass  electrode. 

The  moisture  and  nitrite  contents  were  determined  by  the  method  of 
the  A.  O.A.  C.  (1935). 

The  NaCl  was  determined  by  the  wet  digestion  method  of  Davies  (1932). 
Color  was  determined  with  a  Bausch  and  Lomb  reflectance  spectro- 
photometer. 

It  was  necessary  to  determine  the  normal  changes  in  pH  of  the  curing 
meat  during  the  time  of  cure  before  studying  any  relationship  of  color. 
This  study  was  extended  for  a  period  many  times  longer  than  the  24-hour 
cure.    The  results  are  illustrated  (Fig.  1). 
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Fig.  1.    Relationship  between  pH  of  pickle  solution  and  of  pork  and  the  time  of  cure. 

It  was  found  that  the  normal  range  of  the  pH  of  the  curing  pork  re- 
mained unchanged  at  between  pH  5.6  and  5.7  for  many  days.  The  pH  of 
the  pickle  solution,  after  dropping  sharply  in  the  first  few  minutes  from 
near  neutrality  to  about  5.4,  then  increased  slowly  to  about  pH  5.65,  a  value 
slightly  lower  than  the  pH  of  the  curing  pork  which  increased  slowly 
throughout  the  period  of  observation. 

It  was  possible  to  change  the  pH  of  the  curing  pork  and  the  pickle  and 
still  approximate  these  normal  pll  relationships  between  the  pork  and  pickle 
by  curing  in  buffered  solutions.  A  series  of  acetate,  phosphate,  and  am- 
monium buffer  solutions,  covering  a  pH  range  from  pH  2  to  10.5,  were 
prepared   from   the  solutions  given    (Table   1)    and   added  to  the   pickle 

TABLE    1 
Concentration  of  Buffer  Compounds 


Compound 

Normality 

CH.COOH 

4N 

CHsCOONa 

2N 

K2HPO. 

2N 

KH2PO. 

2N 

NH4OH 

4N 

(NH4)2S04 

4N 
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solution.  The  resulting  changes  in  ionic  strength  of  the  pickle  solution 
from  its  normal  value  of  4.14,  varied  from  3.61  to  4.59.  However,  subse- 
quent spectrophotometric  results  on  pork  cured  at  pH  5.60  with  a  buffered 
pickle  solution  at  an  ionic  strength  of  3.52  and  the  unbuffered  pickle  of 
ionic  strength  4.14,  indicated  that  this  difference  in  ionic  strength  had  no 
effect  upon  the  relationship  between  the  pH  and  color.  Furthermore,  this 
experiment  indicated  that  the  phosphate  buffer  salts  added  to  the  pickle 

TABLE   2  •  • 

Effect  on  pH  of  Cured  Pork  of  Addition  of  Tvm  Milliliters  of 

Buffer  Solution  to  Piokle  ^ 


Molar 
ratio 

Original 
pHof 
pickle 

After  1-hour  cure 

After  24-hour  cure 

After  9-day  cure 

Original 

pHof 

pork 

Buffer 

Pickle 
pH 

Pork 
pH 

Pickle 
pH 

Pork 
pH 

4.60, 

Pickle 
pH 

Pork 
pH 

HAc 
NaAc 

32-1 

2.90 

3.60 

4.85 

3.95 

4.50 

4.60 

5.40 

HAc 

NaAc 

1-1 

4.50 

4.60 

5.10 

4.70 

5.15 

4.90 

4.90 

5.40 

HAc 

NaAc 

1-32 

6.00 

5.50 

5.45 

5.50 

5.60 

5.50 

5.65 

5.40 

Control 

6.9) 

5.30 

5.50 

5.35 

5.50 

5.50 

5.55 

5.40 

KH2PO4 
"K2HPO4 

32-1 

4.10 

4.60 

4.60 

5.00 

5.60 

5.10 

5.45 

5.75 

KH2PO4 
K2HPO4 

1-1 

5.60 

5.80 

5.90 

5.90 

5.90 

5.80 

5.90 

• 

5.75 

KH2PO4 
K2HPO4 

1-32 

8.15 

7.00 

5.95 

6.85 

6.05 

6.70 

6.70 

5.75 

Control 

6.95 

5.60 

5.80 

5.75 

NH4OH 
(NH4)2S04 

32-1 

9.45 

8.85 

6.45 

8.05 

6.05 

7.00 

7.05 

6.20 

NH4OH 

11 

8.50 

7.95 

6.35 

7.20 

6.50 

G.')') 

6.50 

(NH4)2S04 

6.20 

NH40H 

(NH4)2S04 

1-32 

7.30 

5.90 

6.05 

5.80 

5.95 

5.80 

5.90 

6.20 

Control 

6.95 

5.50 

5.75 

5.57 

5.80 

5.75 

5.80 

6.20 

♦  wn  !nf^K„S^l'"T'f'*~^^xF*?^'   u"!;'"''^  "'^'^^ '   ^^^^^^  solutiou  used— 25  ml.  pickle  solution^ plus 
two  ml.   buflPer  solution;   pH  of  unbuffered  pickle  solution,   6.95;   temperature.    S^CJ^VF)'    control 

pieW^T2T°''L72Vc  (7?°F!r'    ''"'^^'   ^^''^'"'^   ^^^'*"'    Germicidal    Lamp;    ^alinometer    reading   of 

had  no  effect  on  the  pH  color  relationship.  Similar  experiments  proved  that 
neither  the  acetate  buffer  solutions,  the  ammonia  buffer  solution,  nor  vari- 
ous acid  bases  and  salts  including  HCl,  HNO3,  tartaric,  lactic,  succinic, 
propionic,  phosphoric,  and  acetic  acids,  sodium  bicarbonate,  sodium  bisuU 
phate,  and  sodium  hydroxide  in  various  concentrations  had  any  specific 
effect  on  color  independent  of  pH. 

By  this  method  of  buffering  the  pork,  it  was  possible  to  adjust  the  pH 
of  the  curing  pork  to  an  almost  constant  value  in  the  pH  range  of  4.4  to  9 
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within  one  hour,  even  when  using  only  two  ml.  of  buffer  solution  and  25 
ml.  of  pickle  solution  (Tables  2  and  3).  The  pH  of  the  pickle  also  adjusted 
itself  to  near  constancy  in  one  hour  as  shown  (Table  2).  For  practical 
purposes  a  mixture  of  eight  milliliters  of  buffer  solution  and  25  milliliters 
of  pickle  solution  gave  the  best  results. 

Owing  to  the  rapid  change  in  the  pH  of  the  pork  to  near  constancy,  it 
might  be  assumed  that  the  nitric  oxide  myohemoglobin  was  formed  in  the 
pork  at  this  near  constant  pH  and  that  this  was  the  pH  at  which  color 
fixation  was  taking  place. 
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Fig.  2.    Comparison  of  reflectance  curves  of  pork  samples  cured  with  pickles  contain- 
ing different  amounts  of  nitrite. 

Samples  of  buffered  pork  cured  in  the  described  manner  were  cut  in 
half  and  differences  in  color  were  determined  as  the  differences  in  percent- 
age reflection  on  the  cut  surface.  In  every  case  pH  was  also  determined, 
and  in  some  cases  the  moisture,  nitrite,  and  chloride  contents  of  the  pork 
were  determined  in  order  to  obtain  an  idea  of  the  effect  of  pll  on  the  dif- 
fusion of  pickle  ingredients,  and  in  order  to  check  the  possibility  of  any 
effect  on  color  by  pH  being  indirectly  caused  by  a  direct  effect  on  the  curing 
salts.  The  results  (Fig.  2)  indicate  a  relationship  between  pH  and  color  at 
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a  pH  of  below  5,  resulting  in  insufficient  color  fixation  between  pH  4.4 
and  4.9.  Results  (Table  3)  indicate  a  sharp  drop  in  the  nitrite  content  of 
the  cured  pork  below  pH  5,  and  an  apparent  linear  relationship  between 
the  moisture  content  and  the  pH.  The  pH  and  the  chloride  content  of  the 
cured  pork  did  not  appear  to  be  related. 

In  order  to  study  the  effect  of  the  nitrite  content  of  the  pickle  solution 
on  the  reflectance  of  the  pork  cured  at  the  various  pH  's,  duplicate  sets  of 
buffered  pork  cubes  were  cured,  using  the  described  pickle  solution  and  a 

TABLE   3 

Effect  of  pH  on  Nitrite,  Chloride,  and  Moistwre  Content  of  Cured  PorJc ' 


Buffer 

Molar 
ratio 

Moisture 

content 

of  cured 

pork 

Sodium 

nitrite 

content  of 

cured  pork 

Chloride 

content  of 

cured  pork 

(dry  basis) 

pH  after  24-hour 
cure 

pHof 
original 

Pickle 

Pork 

pickle 

HAc 

NaAc 

32-1 

pet. 
59.4 

p.p.m. 
1 

pet. 
22.7 

3.70 

4.40 

2.75 

HAc 
NaAc 

1-1 

63.0 

136 

22.3 

4.65 

4.90 

4.20 

HAc 

NaAc 

1-32 

67.3 

273 

23.5 

5.75 

5.75 

5.50 

KH2PO4 
K2HPO4 

32-1 

64.0 

375 

19.8 

4.85 

5.50 

4.00 

KH0PO4 
K2HPO4 

11 

67.3 

333 

23.7 

6.15 

6.00 

5.95 

KH2PO4 
K2HPO4 

1-32 

66.6 

375 

19.0 

8.15 

6.45 

8.90 

(NH4)2S04 

NH40H 

32  1 

67.3 

375 

23.1 

6.00 

5.70 

7.60 

(NH4)2S04 

NH40H 

1-1 

69.0 

200 

23.6 

8.50 

6.50 

8.80 

(NH4)2S04 

NH40H 

1-32 

69.8 

188 

9.25 

9.00 

9.95 

No  buffer 

60.0 

200 

23.9 

5.50 

5.75 

6.95 

1  Size  of  samples — 20  grams,  one-inch  cubes;  pickle  solution  used — 25  ml.  pickle  solution  plus 
eight  ml.  buffer  solution;  pH  of  pickle,  6.95;  pH  of  fresh  pork,  5.65;  temperature,  5°C.(41**P.)  ; 
control  of  microorganisms — 30  minutes  under  General  Electric  Germicidal  Lamp;  salinometer  read- 
ing of  pickle— 8.25°  at  25''C;(77°F.). 

pickle  containing  no  nitrate  but  three  times  the  normal  amount  of  nitrite. 
The  results  (Fig.  2)  indicate  no  significant  color  difference  in  the  meat 
cured  in  the  two  pickle  solutions. 

Taking  a  wave  length  700  m/*  as  typical,  the  relation  between  the  pH 
and  the  reflectance  is  shown  (Fig.  3). 

In  order  to  determine  in  a  limited  way  the  applicability  of  these  re- 
sults to  large  cuts  of  cured  meat,  two  four-pound  Boston  butts  were  cured, 
one  with  unbuffered  pickle  solution  and  the  other  with  phosphate  buffered 
pickle  solution.  It  was  impractical  to  control  microorganisms  since  frequent 
pH  analyses  of  the  pickle  were  made  and  because  of  the  length  of  time 
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RELATION    OF    HYDROGEN-ION    TO    COLOR    IN    CURED    PORK 

required  for  the  cure.  The  changes  in  pH  of  the  pickle  during  curing  are 
given  (Fig.  4),  and  a  comparison  of  the  reflectance  curves  of  small  cured 
pork  samples  and  the  large  cured  samples  (Fig.  5)  indicates  the  two  to 
be  similar,  at  least  over  the  limited  pH  range  studied. 

DISCUSSION 

Owing  to  the  high  protein  content  of  meat,  it  is  very  difficult  to  control 
its  pH  during  cure.  It  is  due  to  the  buffering  action  of  curing  meat  that 
the  pH  of  unbuffered  pickle  solution  falls  to  near  that  of  the  pork.  It  is 
probable  that  the  pH  of  the  pickle  falls  to  slightly  below  that  of  the  pork 
because  of  the  effect  of  the  high  ionic  concentration  of  the  pickle  solution 
on  the  pH  of  the  protein  buffers  in  the  meat. 


::URING     PICKLE 


naCL  s  parts 

SUCROSE        3 
KNOj  1/8 

NaNO^  3/160 
HgO  22.1 


590 


610 


690 
Fig.  5.   Comparison  of  reflectance  curves  of  large  and  small  cured  pork  samples. 
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From  the  reflectance  curves  it  is  evident  that  above  a  pH  of  5  there 
is  no  relationship  between  the  pH  and  the  color  of  cured  meat.  Between 
a  pH  of  4.4  and  4.9,  color  fixation  is  inadequate  and  at  pH  below^  4  the 
brownish-grey  color  and  lack  of  nitrite  indicate  no  color  fixation. 

In  the  light  of  the  chemistry  of  myohemoglobin  and  nitric  oxide  myo- 
hemoglobin  and  the  results  of  the  nitrite  analysis  of  the  cured  pork,  it 
appears  that  the  pH  plays  an  indirect  role  in  the  color  development  of 
cured  pork. 

It  is  well  known  that  the  reddish  color  of  cured  meat  is  due  to  the  nitric 
oxide  myohemoglobin  formed  by  the  reaction  between  myohemoglobin  and 
nitrite.  At  a  pH  of  4.4  or  below,  the  nitrite  content  of  the  meat  is  negligible 
and,  therefore,  there  can  be  no  color  fixation. 

This  destruction  of  nitrite  is  due  to  the  instability  of  nitrous  acid  which 
is  formed  in  acid  solution.  However,  at  a  pH  of  4.9  the  nitrite  content  of 
the  cured  meat,  136  parts  per  million,  is  many  times  in  excess  of  the  amount 
needed  for  proper  color  fixation,  nevertheless  color  fixation  is  insufficient. 
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This  indicates  that  the  myohemoglobin  of  the  meat  is  in  some  way  decolor- 
ized or  destroyed  at  this  pH.  This  reaction  may  be  analogous  to  the 
conversion  of  oxyhemoglobin  to  methemoglobin  by  dilute  acids. 

From  these  results  it  is  apparent  that  it  is  impossible  to  obtain  proper 
color  fixation  below  a  pH  of  5.  It  was  further  noted  that  other  qualities 
of  meat  cured  at  a  pH  less  than  5  were  undesirable ;  the  meat  became  less 
tender  with  decreasing  pH,  probably  owing  to  denaturation  of  the  meat 
proteins,  the  moisture  loss  or  shrink  increased,  and  the  flavor  became  unde- 
sirable and  sour. 

At  pH's  between  5  and  6,  color  fixation  was  normal  and  the  meat  was 
tender  and  palatable.  At  pll's  alkaline  to  pH  7  the  color  fixation  was  nor- 
mal, but  the  meat  became  tender  to  point  of  undesirable  softness  in  some 
cases.  In  the  case  of  pork  cured  with  pickle  which  had  been  made  alkaline 
with  NaOH  to  a  pH  above  8,  the  meat  became  almost  gelatinous  in  con- 
sistency after  two  or  three  days  of  curing. 

The  similarity  between  the  reflectance  curves  of  the  small  cured  sam- 
ples and  the  Boston  butts  indicates  that  the  conclusions  reached  regarding 
the  small  pieces  are  applicable  to  larger  pieces  cured  for  many  days,  at 
least  between  the  pH's  of  6.3  and  6.8. 

In  conclusion,  it  may  be  stated  that  small  pork  samples  cured  in  the 
presence  of  sufficient  nitrite  at  pH's  above  approximately  5.2  will  develop 
a  normal  desirable  color.  A  curing  range  between  pH  5.2  and  6  would 
appear  to  give  optimum  results.  Below  pIT  5  color  fixation  is  insufficient 
and  the  meat  is  tough,  and  above  pH  7.5  the  meat  seems  to  change  in  proper- 
ties toward  a  gelatinous-like  consistency.  Curing  in  the  range  of  neutrality 
is  inadvisable  owing  to  the  low  rate  of  reaction  between  nitrite  and  hemo- 
globin, Brooks  (1934),  and  because  this  pH  range  is  favorable  for  the 
growth  of  many  proteolytic  bacteria.  It  does  not  seem  practicable,  there- 
fore, to  enhance  the  color  of  normal  cured  pork  by  alteration  of  the  curing 
pH. 

The  results  of  this  investigation  on  small  cured  pork  samples  are  in 
agreement  with  the  results  of  Urbain  and  Jensen  (1940)  on  buffered  so- 
lutions of  nitric  oxide  hemoglobin.  In  view  of  the  results  obtained  in  the 
present  study  it  would  appear  that  the  results  of  Winkler,  Hopkins,  and 
Thistle  (1940)  on  Wiltshire  bacon  might  also  be  interpreted  to  confirm  the 
findings  of  Urbain  and  Jensen  (1940). 
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The  Yield  and  Composition  of  Cigar-leaf 

Tobacco  as  Influenced  by  Fertilizer 

and  Preceding  Crop* 

D.  E.  HALEYt,  O.  E.  Street*,  M.  A.  Farrell§  and  J.  J.  Reid' 

CONSIDERABLE  TIME  AND  ATTENTION  have  been  given 
to  studies  relating  to  the  development  and  improvement  of 
the  cigar-leaf  tobacco  industry  of  Pennsylvania  which  is  centered 
in  Lancaster  county.  Investigational  work  on  this  particular  crop 
was  initiated  by  The  Pennsylvania  State  College  and  the  Lan- 
caster County  Tobacco  Growers  Association  in  1892.  Since  1912, 
this  program  in  both  field  and  laboratory  has  benefited  materially 
through  close  co-operation  with  the  Bureau  of  Plant  Industry  of 
the  United  States  Department  of  Agriculture. 

In  1931  plans  were  prepared  for  a  series  of  field  experiments 
to  be  undertaken  which  would  feature  principally  a  3-year  rotation 
system  of  wheat,  clover,  and  tobacco,  with  the  tobacco  receiving 
different  fertilizer  treatments,  with  or  without  supplemental  addi- 
tions of  manure.  It  was  hoped  that  these  experiments  which  were 
to  continue  for  a  period  of  nine  years  would  result  in  beneficial 
effects  on  the  fertility  of  the  soil  which  would  be  reflected  in  the 
quality  and  yields  of  tobacco  produced.  Other  field  experiments, 
formerly  conducted  at  Ephrata,  were  discontinued  immediately, 
and  a  new  experimental  field  was  selected  for  this  undertaking 
near  Roseville,  just  north  of  the  city  of  Lancaster. 

THE   EXPERIMENTAL   FIELD 

The  experimental  field  having  an  area  of  10  acres  has  been 
described  in  a  previous  publication  (3),  The  soil,  principally 
Hagerstown  Silt  Loam,  was  found  to  be  definitely  alkaline  in 
reaction,  although  it  had  received  no  lime  treatment  since  1910. 
No  fertilizers  had  been  used  on  the  field  for  several  years  before 
the  experiments  were  started  in  1932,  and  the  field  had  remained 
in  volunteer  growth  since  1929. 

The  greater  part  of  the  field  was  set  aside  for  the  3-year  rotation 
experiment  and  the  specific  area  was  divided  into  3  tiers  of  31 
plots,  each  of  which  was  one-twenty-first  of  an  acre  in  area.  The 

*  Authorized  for  publication  January  15,  1943.  This  investigation  was  conducted 
jointly  by  the  Departments  of  Agricultural  and  Biological  Chemistry  and  of  Bac- 
teriology of  the  Pennsylvania  Agricultural  Experiment  Station  and  the  Division  of 
Tobacco  Investigations.  Bureau  of  Plant  Industry,  United  States  Department  of  Agri- 
culture, Washington,  D.  C. 

t  Professor  of  Soil  and  Phytochemistry. 

t  Agronomist,  Division  of  Tobacco  Investigations,  U.S.D.A. 
duct  of  the  field  work  was  delegated  to  the  late  Otto  Olson 
junior  author  was  in  charge. 

§  Professor  and  Head  of  Bacteriology. 

**  Associate  Professor  of  Bacteriology. 
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Fig.    l.-Harvesting   P-nsylvania   cigar-leaf  ^tobacca   Note^^that   the 
planting  was  made  on  the  contour  of  tne^held^  t^o^^^  conservation  Service) 

remainder  ol  the  10-acre  tract  was  devoted  to  other  field  experi- 

""^"*^'  THE  ROTATION 

I„  1932  tobacco  was  grown  on  tier  'toao^^ijjf^;^^^''^^ 
S%!re"  Jof^^yLTaS/rpS^^eZnai  on  .KU 

were  grown  simultaneously  each  f  ^f  "io^^^^'gf'grthese  Plots 
on  all  plots  with  the  exception  of  29,  30,  and  31.  un  tnese  p 

alfalfa  preceded  tobacco.  ..„<.»  T.«r.MT«? 

FIELD  AND  PLOT  TREATMENTS 

£'"rv  dTd  vi£  rertiC  ?rT.n,e„.s  as  listed  instable  L 
Se  exception  of  nitrate  of  soda,  which  was  applied  as  a  side- 
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r  ,^^ 


Table  1. — Field  treatments  of  tobacco  experimental  plots,  tiers  I,  II  and 
III,  of  the  3 -year  rotation  system;  all  quantities  on  the  basis  of  one  acre; 
Roseville,  1932-40. 


Plot 

Fertilizer  Treatment 

Fertilizer 

No. 

Manure 

Quantity 

Formula 

Lime          Application 

tons 

pounds 

pounds 

1 

1,000 

6-8-  4 

Broadcast 

2 

1,000 

6-8-  8 

ft 

3 

1,000 

6-8-12 

tt 

4 

1,000 

6-8-16 

»> 

5* 

1,000 

0-8-12 

M 

6 

1,000 

3-8-12 

ft 

7 

1,000 

9-8-12 

>t 

8 

1,000 

6-0-12 

•f 

9 

1,000 

6-4-12 

W 

10* 

1,000 

0-8-12 

ft 

11    . 

500 

6-8-12 

» 

12 

1,500 

6-8-12 

$9 

13 

1,000 

6-8-12 

1,000 

14 

1,000 

6-8-12 

»> 

15* 

1,000 

0-8-12 

II 

16 

500 

6-8-12 

In  row 

17 

1,000 

6-8-12 

» 

18 

1,500 

6-8-12 

19 

19 

20* 

1,000 

0-8-12 

Broadcast 

21 

10 

1,000 

0-8-12 

>> 

22 

10 

1,000 

3-8-12 

19 

23 

10 

1,000 

3-8-  8 

W 

24 

10 

500 

3-8-12 

II 

25* 

1,000 

0-8-12 

9» 

26 

10 

1,000 

3-8-16 

II 

27 

10 

28 

20 

29t 



30*t 

1,000 

0-8-12 

Broadcast 

31t 

1,000 

6-8-12 

ff 

♦  Replicates. 

♦t  Alfalfa 

in  rotation  instead  of  clover. 

Superphosphate  (16  per  cent  P2O5),  was  used  as  a  carrier  of 
phosphorus,  while  sulfate  of  potash  was  used  as  a  carrier  of  potas- 
sium in  all  cases. 

Cottonseed  meal  and  nitrate  of  soda  constituted  the  nitrogen 
carriers.  During  the  first  6-year  period  two-thirds  of  the  total 
nitrogen  was  supplied  in  the  form  of  cottonseed  meal  and  one- 
third  as  nitrate  of  soda,  with  the  exception  of  plot  14  where  these 
conditions  were  reversed.  During  the  last  3-year  period  two-thirds 
of  the  nitrogen  was  applied  as  nitrate  of  soda  and  one-third  as 
cottonseed  meal. 

Plot  13  received  an  application  of  1000  pounds  of  hydrated  lime 
per  acre  when  tobacco  was  grown,  but  was  the  only  plot  of  a 
given  tier  to  receive  this  supplemental  treatment. 
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QUANTITY  AND  DISTRIBUTION   OF  RAINFALL 

The  quantity  and  distribution  of  rainfall  throughout  the  grow- 
ing season  appears  to  be  of  overshadowing  importance  in  the  pro- 
duction of  Pennsylvania  cigar-leaf  tobacco.  It  should  be  ample, 
not  excessive,  and  at  the  same  time  should  be  well  distributed  to 
produce  best  results.  While  the  rainfall  during  the  growing  season 
of  1936  was  slightly  less  than  normal,  it  was  well  distributed. 
As  a  result,  a  high-yielding  crop  free  of  leafspots  was  obtained 
that  season. 

An  interruption  of  growth  due  to  lack  of  sufficient  rainfall  may 
prove  deleterious  from  the  standpoint  of  both  yield  and  leafspot 
disorders,  especially  if  the  drought  is  broken  abruptly.  However, 
these  effects  appear  to  be  controlled  in  large  measure  by  the 
growth  stage  of  the  plant  or  what  might  be  termed  its  physio- 
logical age.  It  is  a  matter  of  common  knowledge  that  a  young 
plant  is  less  susceptible  to  the  effects  of  a  drought  and  the  break- 
ing of  the  same  than  is  true  for  a  plant  approaching  maturity. 

The  weekly  rainfall  for  six  months  of  every  season  during  the 
9-year  period  covered  by  the  tests  herein  reported  are  presented 
in  table  2.  The  records  for  the  fourth  week  of  every  month  include 
the  additional  days  within  the  month. 

A  striking  example  of  excessive  and  poorly  distributed  rain- 
fall and  the  incidence  of  leafspots  is  reported  by  Olson  (1)  for 
1933.  A  heavy  stand  of  red  clover  was  plowed  under  on  May  24 
of  that  year;  and  from  that  time  until  the  tobacco  seedlings  were 
transplanted  on  June  3,  the  rainfall  totaled  but  1.31  inches.  During 
the  remainder  of  the  month  the  rainfall  totaled  1.34  inches.  From 
July  1  to  25  the  rainfall  measured  3.7  inches.  Practically  all  of 
this,  however,  fell  in  two  24-hour  periods,  on  July  4  and  16.  The 
heavy  rainfall  of  the  4th  was  followed  by  12  days  of  hot  dry 
weather  and  the  rain  of  the  16th  by  10  days  of  hot  weather  with 
neghgible  precipitation.  This  condition  of  drought  was  broken 
abruptly  on  July  26  when  the  rainfall  amounted  to  4.9  inches. 
Following  another  week  of  hot  weather,  the  packed  and  baked 
soil  was  subjected  to  another  beating  rain  amounting  to  4.2  inches 
on  August  3  with  disastrous  results.  According  to  Olson  (1),  the 
danger  from  wildfire  became  so  apparent  that  the  tobacco  from 
all  the  plots  of  the  3-year  rotation  experiment  was  harvested  in 
an  im.mature  condition  to  prevent  total  loss. 

In  1937  conditions  approached  those  of  1933.  Following  a  heavy 
downpour  of  2.35  inches  on  July  6,  precipitation  was  negligible 
until  the  last  week  of  the  month  when  the  period  of  drought  was 
broken  with  heavy,  beating  rains.  Another  period  of  dry  weather 
was  broken  abruptly  with  heavy  rains  during  the  second  week 
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of  August  and  leafspot  damage  became  severe.  It  is  of  interest 
to  note  however,  that  two  rows  of  each  plot  were  harvested  on 
August  19  and  the  yields  were  calculated  from  these.  The  remain- 
ing plants  bemg  subjected  to  a  rainfall  on  August  21  and  22  of 
4.65  mches  were  practically  destroyed  by  leafspots.  However 
where  tobacco  followed  corn  on  another  part  of  the  experimental 
field  and  where  relatively  large  quantities  of  potash  were  used 
the  results  were  much  better.  Regarding  these  observations,  Olson 
(2)  made  the  following  statement:  "Apart  from  the  recognized 
fact  that  heavy  applications  of  potash  are  necessary  for  'quality' 
m  cigar-filler  tobacco,  it  is  gradually  being  noted  that  potash 
renders  invaluable  aid  in  checking  the  ravages  of  that  virulent 
type  of  leafspot  commonly  known  as  'wildfire.'  Cigar-filler  tobacco 
in  Pennsylvania  is  sorted  into  two  grades:  'fillers'  or  low  grade 
tobacco,  and  'wrappers'  which  represents  the  best  grade.  In  nor- 
mal years  the  ratio  is  about  one-fourth  fillers  to  three-fourths 
wrappers,  but  in  years  of  high  wildfire  infection  the  ratio  may  be 
reversed,  in  spite  of  practical  sanitary  precautions  for  wildfire 
prevention.  Following  corn  the  experimental  plots  fertilized  with 

R<Me^iUe  *T9M*40*''^  rainfall  recorded  for  monlhs  of  March  to  September: 


'"^                       Month  Week 

1932 

1933 

1934 

1935 
inches 

1936 
inches 

1937 
inches 

1938 

inches 

1939 
inches 

1940 
inche 

Normal 

inches 

inches 

inches 

s  inches 

March     1st 

1.52 

0.25 

0.08 

0.23 

0.00 

0.10 

0.10 

0.50 

1  52 

and 

0.00 

1.59 

0.00 

0.87 

2.10 

0.25 

1.65 

0.72 

1  53 

3rd 

0.87 

2.96 

0.00 

0.10 

1.82 

0.50 

0.55 

0.00 

000 

4th 

2.76 

0.53 

2.04 

0.55 

0.75 

0.25 

0.05 

1.00 

0  50 

Total 

5.15 

5.33 

2.12 

1.75 

4.67 

1.10 

2.35 

2.22 

3.55 

3.53 

N                         April 

1st 

0.09 

1.55 

0.32 

0.52 

1.40 

0.55 

0.05 

1.20 

0  71 

2nd 

1.37 

1.28 

0.29 

2.78 

0.95 

0.20 

0.65 

0.60 

3  16 

3rd 
4th 

0.00 
0.33 

2.21 
0.74 

0.09 
0.15 

0.20 
0.50 

0.15 
0.00 

1.60 
1.72 

0.70 
0.40 

1.20 
0.40 

2.16 
0  00 

Total 

1.79 

5.78 

0.85 

4.00 

2.50 

3.07 

1.80 

3.40 

6.03 

3.55 

May 

1st 

3.17 

0.99 

1.23 

0.92 

0.70 

0.10 

0.32 

0.00 

0  35 

2nd 

0.00 

1.71 

0.05 

0.48 

0.20 

1.20 

0.94 

0.25 

0  38 

3rd 

0.00 

0.78 

0.21 

0.10 

0.42 

0.15 

0.77 

0.10 

1.21 

4th 

0.00 

1.35 

1.24 

0.00 

0.15 

1.20 

0.99 

0.00 

2  46 

Total 

3.17 

4.83 

2.73 

1.50 

1.47 

2.65 

3.02 

0.35 

4.40 

3.53 

June 

1st 

0.00 

0.21 

0.90 

0.56 

0.18 

0.35 

0.92 

0.20 

0.86 

2nd 

0.45 

1.10 

1.37 

0.65 

1.90 

0.60 

2.10 

1.35 

0  25 

3rd 

2.62 

0.03 

0.62 

0.62 

1.00 

2.95 

0.00 

0.75 

0.60 

4th 

2.20 

0.01 

0.60 

0.78 

1.17 

1.40 

1.95 

1.19 

1.50 

Total 

5.27 

1.55 

3.49 

2.61 

4.25 

5.30 

4.97 

3.49 

3.21 

4.22 

July 

1st 

1.00 

1.90 

0.35 

0.00 

1.62 

2.85 

0.11 

0.23 

0.82 

\ 

2nd 

0  00 

0.20 

2.30 

2.10 

0.10 

0.50 

1.58 

1.02 

0.31 

■> 

3rd 

0.40 

1.50 

0.62 

1.23 

0.25 

0.10 

1.65 

0.00 

0.22 

4th 

1.60 

5.20 

1.01 

1.00 

1.75 

4.65 

1.91 

0.88 

0.57 

Total 

3.00 

8.80 

4.28 

4.33 

3.72 

8.10 

5.25 

2.13 

1.92 

4.54 

Aug. 

1st 

2.20 

4.20 

0.00 

0.30 

0.90 

0.90 

0.32 

0.55 

0.33 

2nd 

0.30 

1.17 

1.80 

0.45 

0.40 

3.48 

0.78 

0.93 

0.68 

1 

3rd 

0.70 

2.44 

0.78 

0.48 

2.00 

2.45 

0.42 

2.88 

0.39 

1 

4th 

1.00 

5.13 

0.64 

0.67 

1.15 

3.60 

0.70 

0.50 

3  39 

1 

Total 

4.20 

12.94 

3.22 

1.90 

4.45 

10.43 

3.33 

4.86 

4.69 

4.90 

1  -,                      Sept. 

1st 

0.60 

1.99 

0.30 

3.30 

0.20 

0.40 

0.54 

1.19 

0.00 

1 

2nd 

0.00 

1.10 

2.34 

0.25 

0.10 

0.15 

0.20 

0.49 

0.19 

1 

3rd 

0.00 

0.02 

1.85 

0.25 

0.30 

0.15 

2.40 

0.02 

0.15 

1 

4th 

0.70 

0.00 

3.90 

0.00 

1.50 

0.30 

0.10 

0.43 

4.66 

1 

Total 

1.30 

3.11 

8.39 

3.80 

2.10 

1.00 

3.24 

2.13 

5.01 

i 
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from  240  to  320  pounds  of  sulfate  of  potash  per  acre  in  addition 
to  nitrogen  and  phosphoric  acid,  the  ratio  was  one-third  fillers  to 
two-thirds  wrappers  in  1933  and  1937." 

The  gradual  breaking  of  a  drought  without  serious  effects  was 
noted  in  1940.  On  August  20  of  that  season,  a  survey  of  the  plots 
in  the  3-year  rotation  indicated  a  condition  of  drought.  The  rain- 
fall in  July  amounted  to  1.92  inches,  and  from  August  1  to  25  but 
1  30  inches  were  recorded.  On  August  26  the  drought  was  broken 
with  0.83  inch  of  rainfall,  followed  by  a  day  of  practically  no 
rainfall  Another  0.80  inch  fell  on  the  28th,  0.10  inch  on  the  29th 
and  0  36  inch  on  the  30th.  This  was  followed  by  1.27  inches  on 
the  31st,  a  total  of  3.39  inches  for  the  5-day  period.  Following  this, 
only  0.23  inch  fell  until  the  crop  was  harvested  on  September  17. 
This  gradual  shift  from  a  drought  to  a  moderate  moisture  supply 
was  not  accompanied  by  the  ill  effects  noted  in  the  years  of  sudden 
and  excessive  transition. 

TOTAL  ANNUAL  YIELDS  OF  TOBACCO  FROM  THE   3-YEAR 
TOTAL-   AWmi^A^^    p^^^^   ^^^   ^^^  9-YEAR  PERIOD 

The  yields  of  tobacco  obtained  from  the  individual  plots  of  the 
3-year  rotation  experiment  from  1932  to  1940  inclusive  are  pre- 
sented in  table  3.  The  rank  of  the  plots  according  to  yield  arranged 
in  descending  order  may  be  found  in  table  4. 


Fig.  2 Cigar-leaf  tobacco  must  be  dusted  to  control  insects.  This 

picture  also  presents  a  general  view  of  the  first  experimental  plots  at 
Roseville,  Pa.  The  building  in  the  background  is  the  experimental  cur- 
ing shed. 
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Plot 


Average  Annual  Yield 


No.  1932   1933   1934   1935   1936   1937   1938   1939   1940  ~^5^:S~'35-40   '32^ 


The  first  3-year  period  did  not  necessarily  represent  the  rota- 
tion, as  the  system  did  not  become  established  until  tobacco 
appeared  on  tier  I  in  1935.  Moreover,  it  should  be  remembered 
that  the  1933  crop,  and  to  a  certain  extent  that  of  1937,  was  har- 
vested in  an  immature  condition,  which  affected  not  only  yield 
but  chemical  composition  as  well. 

Plot  3,  the  highest-yielding  plot  in  1935,  was  seventeenth  in 
1940,  while  plot  17,  the  highest  ranking  plot  for  1939,  was  twelfth 
in  1940.  It  would  appear,  therefore,  that  in  addition  to  moisture 
conditions,  the  plowing  under  of  old  legume  residues  interfered 
seriously  with  the  response  of  tobacco  to  a  given  fertilizer  treat- 
ment. 

The  yields  obtained  over  the  6-year  period,  1935-40,  were  highly 
inconsistent  in  the  majority  of  cases.  For  example,  plot  28,  the 
highest  ranking  plot  of  31  from  the  standpoint  of  yield  during 
this  period,  was  seventeenth  in  1939.  Moreover,  plot  18,  second 
highest  in  yield  for  the  period,  was  twelfth  in  rank  for  1939. 
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T«W»  A     Rank  in  descending  order  of  plot  treatments  with  respect  to 
anISy?rfifo?tob"acco?n  pounds  per  acr^.  on  the  S-year  rotation  experi- 


1932 

1933 

1934 

31 
18 
28 
17 
3 

1935 

1936 

1937 

1938 

12 
18 
28 

1 
26 

1939 

1940 

Average 

Rank 

•32-34 

'35-40 

•32-40 

1st 

2nd 

3rd 

4th 

5th 

18 
17 
22 
26 
23 

18 

22 

28 

3 

17 

3 
18 

2 
22 
31 

18 
31 
28 
17 
3 

26 
28 
18 
31 
22 

17 
7 
3 

31 
2 

26 
28 
30 
2 
31 

18 
17 
22 
28 
3 

18 
28 
26 
31 
3 

18 
28 
17 

8 

6th 

7th 

8th 

9th 

10th 

28 

3 

2 

24 

16 

2 

12 
21 
23 
24 

22 

25 

2 

23 
26 

1 

4 

17 

28 

7 

2 

7 
22 
30 

1 

3 

30 

20 

4 

2 

22 
11 

4 
17 

3 

9 

26 
30 
16 
11 

27 
24 
-25 
18 
23 

23 

31 

2 

26 

21 

2 
Si 

17 

30 

1 

81 
3 
2 

12 
1 

11th 
12th 
13th 
14th 
15th 

27 

4 

12 

31 

1 

25 
27 
31 
16 
6 

21 
13 
24 
1 
14 

12 
30 
26 
14 
25 

12 
4 
6 
8 

26 

17 
12 

7 
13 

1 

29 
14 
27 
21 

7 

4 
18 
12 

8 

1 

22 
17 
29 
12 
1 

24 
25 
27 
16 
12 

12 

4 

7 

27 

14 

30 

4 
27 
23 
24 

16th 
17th 
18th 
19th 
20th 

21 
14 
11 
25 
20 

7 
1 

20 
9 

13 

30 
20 
27 
16 
12 

27 
21 
24 
23 
8 

13 
14 
27 
11 
9 

6 
27 
24 
23 
14 

24 
23 
?0 
13 
2 

25 
28 
14 
21 
10 

4 

3 

14 

10 

21 

1 
14 
13 

4 
20 

24 
13 
21 
23 
9 

7 
21 
14 
25 
13 

21st 

22nd 

23rd 

24th 

25th 

30 

13 

9 

6 

7 

14 
15 
26 
30 
4 

4 

7 

5 

9 

11 

13 

16 

9 

6 

11 

16 
21 
23 
24 
29 

8 
16 
21 

9 
15 

9 
31 

6 
20 
25 

6 
13 
22 
15 
24 

13 
11 

7 
20 

8 

30 
7 
9 

11 
6 

11 

25 

8 

6 

16 

16 
9 

11 
6 

20 

26th 
27th 
28th 
29th 
30th 
31st 

8 
15 
10 

5 
29 
19 

5 
11 
10 
19 

8 
29 

10 
29 
15 

6 
19 

8 

20 
10 
29 
15 
5 
19 

25 
20 
15 
5 
10 
19 

25 
5 
29 
11 
19 
10 

15 
16 
10 
8 
5 
19 

27 
20 
23 
29 
5 
19 

5 

16 

15 

8 

6 

19 

15 
10 
5 
8 
29 
19 

29 
20 
15 
10 
5 
19 

8 

15 
29 
10 
5 
19 

YIELD  IN  RELATION  TO  METHOD  OF  APPLYING  FERTILIZERS 

It  may  be  noted  that  plots  16,  17,  and  18  of  the  3-year  rotation 
experiment  received  varying  quantities  of  fertilizers    m  the  row 
In  contrast,  plots  11,  3,  and  12  received  the  same  quantities  and 

Table  5,— A  comparison  of  row  treatment  with  broadcasting  of  fertilizers 
as  indicated  by  yields  of  tobacco  at  RoseviUe. 


Fertilizer  Treatment 


Plot  Method  of 

No.   Quantity   Formula   Application 

pounds 
per  acre 

11  500 

16  500 

3   1000 

17  1000 

12  1500 

18  1500 


Rank  in  Yield  for  the 
Six-Year  Period 


Average   Lowest  Highest  Average 


6-8-12 
6-8-12 

6-8-12 
6-8-12 

6-8-12 
6-8-12 


Broadcast 
Row 

Broadcast 
Row 

Broadcast 
Row 


pounds 
per  acre 

1544 
1527 

1757 
1726 

1698 
1836 


29th 
27th 

17  th 
12th 

14th 
12th 


7th 
9th 

1st 
1st 

1st 
1st 


21st 
25th 

5th 
8th 

nth 
2nd 
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kmd  of  fertilizers  corresponding  to  plots  16,  17,  and  18,  respec- 
tively  but  these  were  applied  "broadcast."  The  results  obtained 
from  broadcasting  or  applying  fertilizers  in  the  row  are  presented 
.ulL  ^}'}L^}^^^^  difference  existed  between  the  treatments 
TiLn  ^""^  ^.^^^  P^'''''^'  ^^  fertilizer  per  acre,  the  appHcation 
of  1500  pounds  in  the  row  was  superior  to  that  of  broadcasting. 

EFFECT    OF   MANURE    ON    YIELD 

The  soil  on  which  the  3-year  rotation  experiment  was  conducted 
was  rather  heavy.  This  is  more  or  less  characteristic  of  the  Lan- 
caster county  tobacco  soils  in  general.  To  partially  alleviate  this 
condition  by  improving  the  structure,  fresh  manure  was  used  in 
quantities  varying  from  10  tons  to  20  tons  per  acre.  Such  appli- 
cations were  made  with  and  without  supplemental  fertilizer  appli- 
cations in  the  3-year  rotation  experiment. 

The  results  obtained  in  regard  to  the  effect  of  manure  on  yields 
are  listed  in  table  6.  These  results  show  that  while  the  3-year 
rotation  experin  ent  was  in  operation,  plot  28,  receiving  an  appli- 
cation of  manure  alone,  at  the  rate  of  20  tons  per  acre,  was  second 
from  the  standpoint  of  yield.  However,  in  1939,  a  relatively  dry 
season,  it  was  seventeenth  in  rank  of  yield.  Plot  27,  receiving 
manure  alone,  at  the  rate  of  10  tons  per  acre,  averaged  fourteenth 
in  rank  of  yield  for  the  6-year  period,  but  in  1939  was  twenty-sixth. 

Plot  26,  receiving  10  tons  of  manure  and  1000  pounds  of  a  3-8-16 
mixture  per  acre,  was  first  in  yield  in  1940  aud  also  in  1937,  the 
year  that  leafspots  were  so  prevalent.  This  particular  plot  aver- 
aged third  from  the  standpoint  of  yield  over  the  6-year  period. 

t  T?,^^®  ^- — Effect  of  manure  when  used  alone  or  with  supplemental 
tertihzer  treatments  on  the  yield  of  tobacco  from  olots  of  the  S-year  rota- 
tion experiments;  Roseville,  1935-40. 


Plot 
No. 


Average 
Yields 
1935  to 
Acre      Quantity    Formula      1940 


Manure 

PER 


Fertilizer 
Treatment 


Rank  of  Yield 
1935  to  1940 


Lowest     Highest    Average 


tons 
per  acre 

!•   (Check) 

27  10 

21  10 

25  None 
24      10 
23      10 

22  10 

26  10 

28  20 


pounds 
per  acre 


1,000 
1,000 
500 
1,000 
1,000 
1,000 


0-8-12 
0-8-12 
3-8-12 
3-8-  8 
3-8-12 
3-8-16 


pounds 
per  acre 

1,207 
1,640 
1,572 
1,544 
1,596 
1,568 
1,742 
1,787 
1,823 


31st 
26th 
23rd 
26th 
25th 
28th 
23rd 
15th 
17th 


30th 
6th 

14th 
8th 
7th 

10th 
4th 
1st 
2nd 


31st 

14th 

18th 

22nd 

16th 

19th 

7th 

3rd 

2nd 
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The  next  ranking  plot  of  the  manure  series  from  the  standpoint 
of  yield  is  plot  22,  receiving  10  tons  of  manure  and  1000  Pounds  per 
acre  of  a  3-8-12  mixture.  The  yield  of  this  plot  was  definitely 
superior  to  plot  24  which  received  10  tons  of  manure  and  500  pounds 
per  acre  of  a  3-8-12  mixture. 

Fresh  manure  during  a  dry  season  may  have  injurious  effects 
on  the  growth  of  tobacco.  Soil  organisms,  which  are  instrumental 
in  briniing  about  its  decay,  may  seriously  compe  e  wi  h  tobacco 
for  nutrients.  Moreover,  the  manure  may  compete  with  tobacco 
for  moisture  which  may  be  present.  Fundamentally,  the  use  of 
well  rotted  or  partially  rotted  manure  is  to  be  recommended,  as 
there  is  less  danger  from  the  competition  of  soil  organisms  for 
nutrients,  and,  moreover,  the  manure  being  humified  should  act 
as  a  reservoir  of  moisture  for  the  growing  plants. 

EFFECT  OF  FERTILIZER  NITROGEN   ON  YIELD  AND  NITROGEN 
CONTENT   OF   TOBACCO   AS   INFLUENCED   BY    KUiAnv^n 

Plots  3,  5,  6,  and  7  received  varying  quantites  of  nitrogen  in  the 
fertilizers  used,  while  the  concentrations  of  both  phosphorus  and 
potassium  were  held  constant.  The  results  obtained  are  presented 
in  table  7. 

Table  7— Yields  of  tobacco  as  influenced  by  varying  quantities  of  nitro- 
gen applied  in  fertilizer;  Roseville,  1935-40.         ^__,__= 


Average 
Plot  Fertilizer  Treatment       Yield 


Rank  of  Yield  1935  to  1940 


No.      Quantity      Formula     1935  to  1940  Lowest       Highest    Average 


pounds 
per  acre 

5  1,000 

6  1,000 
3  1,000 

7  1,000 


0-8-12 
3-8-12 
6-8-12 
9-8-12 


pounds 
per  acre 

1,363 
1,533 
1,757 
1,670 


30th 
30th 
17th 
23rd 


26th 
13  th 
1st 
2nd 


30th 

24th 

5th 

13th 


From  the  results  presented  in  table  7,  it  is  apparent  that  an 
application  of  60  pounds  of  nitrogen  per  acre,  plot  3,  had  a  desirable 
influence  on  yield.  However,  the  results  over  the  9-year  period 
showed  marked  inconsistencies  which  may  be  attributed  to  the 
overshadowing  influence  of  the  particular  rotation. 

While  the  nitrogen  supplied  should  have  aided  in  the  bacterial 
degradation  of  the  old  legume  residues  and  therefore  favor  growth, 
it  appears  that  the  total  nitrogen  supplied  and  that  inherently 
present  in  the  soil  was  not  necessarily  reflected  in  the  quantity  of 
nitrogen  found  in  the  leaves  of  the  mature  plants. 


r\ 
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Analyses  were  made  of  samples  of  mature  tobacco  taken  from 
all  plots  during  the  season  of  1935  to  1939,  inclusive.  The  results 
obtained  are  listed  in  table  8. 

It  is  the  general  opinion  that  for  best  results,  ample  quantities 
of  nitrogen  in  the  proper  form  should  be  at  the  disposal  of  the 
tobacco  plant  during  its  period  of  active  growth.  Growth  inter- 
ruptions due  to  a  lack  of  nitrogen  are  harmful,  especially  when 
followed  by  relatively  large  quantities  made  available  at  a  state 
of  growth  where  it  cannot  be  metabolized  efficiently. 

It  may  be  noted  that  the  nitrogen  content  of  tobacco  from  all 
plots  averaged  but  3.23  per  cent,  although  cigar-leaf  tobacco  is 

Table  8. — Nitrogen  content  of  mature  tobacco  (sixth  leaf)  grown  on 
the  3 -year  rotation  plots  over  a  period  of  five  years,  on  a  moisture -free 
basis;  Roseville,  1935-39. 


Plot 

• 

No. 

1935 

1936 

1937 

1938 

1939 

Average 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

3.95 

3.71 

3.36 

3.32 

3.87 

3.64 

3.72 

4.41 

3.00 

2.78 

3.75 

3.43 

3.32 

3.90 

3.49 

2.64 

4.14 

3.50 

3.31 

3.70 

2.84 

2.76 

4.12 

3.35 

2.94 

3.13 

2.85 

2.62 

3.78 

SM 

3.50 

3.67 

2.98 

2.42 

3.80 

3.27 

3.77 

3.52 

3.21 

2.83 

3.86 

3.44 

8 

3.54 

4.11 

3.54 

3.03 

4.00 

3.64 

9 

3.66 

3.19 

3.26 

3.00 

4.31 

3.48 

10 

2.72 

3.57 

2.64 

2.49 

3.69 

3.02 

11 

3.52 

3.32 

3.10 

3.04 

3.96 

3.39 

12 

3.77 

3.92 

2.54 

3.05 

4.11 

3.48 

13 

3.44 

3.45 

2.82 

2.61 

3.99 

3.26 

14 

3.40 

3.83 

2.98 

2.66 

3.88 

3.35 

15 

2.26 

3.24 

2.50 

2.54 

3.59 

2.83 

16 

2.97 

3.14 

2.64 

2.72 

4.19 

3.13 

17 

3.04 

3.65 

2.54 

3.20 

3.90 

3.27 

18 

3.45 

3.32 

3.06 

3.46 

3.92 

3.44 

19 

3.46 

2.92 

2.85 

2.97 

3.56 

3.15 

20 

2.67 

3.16 

2.55 

2.34 

3.76 

2.90 

21 

2.60 

2.95 

2.14 

2.71 

3.62 

2.80 

22 

3.02 

3.65 

2.42 

2.78 

3.74 

3.12 

23 

3.16 

3.34 

2.47 

2.89 

3.87 

3.15 

24 

3.31 

3.78 

2.67 

2.79 

3.78 

3.27 

25 

2.61 

3.06 

2.19 

2.53 

3.51 

2.78 

26 

3.26 

3.28 

2.37 

2.81 

3.72 

3.09 

27 

3.00 

2.85 

2.36 

2.71 

3.89 

2.96 

28 

3.65 

3.74 

2.84 

2.80 

3.80 

3.37 

29 

2.62 

3.86 

2.56 

3.19 

4.05 

3.26 

30 

2.52 

3.68 

2.32 

2.74 

3.51 

2.95 

31 

2.93 

4.16 

3.09 

2.81 

3.34 

3.27 

Average 

3.20 

3.52 

2.78 

2.81 

3.84 

3.23 

-/.  - 
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looked  upon  as  a  high-nitrogen  crop.  It  is  interesting  to  note  that 
the  highest  percentage  of  nitrogen  in  the  leaf  for  the  5-year  period 
was  from  plot  1,  a  low  potassium  plot,  and  plot  8,  a  no-phosphorus 
plot.  While  plots  receiving  no  direct  application  of  nitrogen-carry- 
ing materials  yielded  tobacco  which  was  usually  low  in  respect 
to  this  element,  it  is  interesting  to  note  that  plot  5,  a  0-8-12  plot, 
averaged  a  nitrogen  content  of  3.06  per  cent,  while  plot  27,  re- 
ceiving 10  tons  of  manure,  yielded  tobacco  averaging  but  2.96  per 
cent. 

The  lowest  nitrogen  content  for  a  year  was  noted  in  1937.  As 
the  plants  were  immature  when  sampled,  the  results,  theoretically, 
should  have  been  higher.  The  results  for  1937  indicate  a  condition 
lacking  sufficient  nitrogen  for  normal  growth  and  development. 

Surveys  of  these  plots  have  shown  quite  clearly  that  a  deficiency 
of  nitrogen  is  apparent  during  the  very  early  stages  of  growth  and 
that  this  condition  is  independent  of  nitrogen  additions.  This 
would  indicate  a  profound  degree  of  competition  between  the 
organisms  affecting  the  decay  of  the  more  or  less  resistant  old 
legume  residues  and  the  growing  tobacco  for  this  particular  ele- 
ment. This  nitrogen,  utilized  by  the  microorganisms  and  built 
into  their  cells,  is  eventually  released  for  plant  use,  but  this  may 
or  may  not  be  beneficial  to  the  crop,  depending  upon  its  physiologi- 
cal age  at  the  time  of  release. 

EFFECT   OF   FERTILIZER   PHOSPHORUS   ON   THE   YIELD   AND 
PHOSPHORUS  CONTENT  OF  TOBACCO  AS  INFLUENCED 

BY  THE  ROTATION 

Plots  3,  8,  and  9  received  varying  quantities  of  phosphoric  acid, 
the  concentration  of  both  nitrogen  and  potassium  being  held  con- 
stant in  these  mixtures.  The  results  obtained  on  yield  of  these 
plots  are  presented  in  table  9. 

While  some  degree  of  inconsistency  of  results  is  evident,  it  is 
apparent  that  augmenting  the  phosphoric  acid  content  of  the  mix- 
Table  9.— Influence  of  ohosphoric  acid  additions  on  yields  of  tobacco; 
Roseville,  1935-40. 


Plot 
No. 

Fertilizer  Treatment 
Quantity     Formula 

Average 

Yield 

1935  to 

1940 

Rank  of  Yield  1935  to  1940 
Lowest       Highest    Average 

8 
9 

3 

pounds 
per  acre 

1,000            6-0-12 
1,000            6-4-12 
1,000             6-8-12 

pounds 
per  acre 

1,538 
1,546 
1,757 

29th 
25th 
17th 

14th            23rd 
6th            20th 
1st              5th 

\ 
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ture  applied  has  a  beneficial  effect  on  growth.  These  and  other 
studies  lead  to  the  belief  that  at  least  80  pounds  of  actual  phos- 
phoric acid  per  acre  are  necessary  for  proper  growth  and  develop- 
ment. 

Chemical  analyses  of  many  samples  of  mature  tobacco  leaves, 
including  those  of  the  3-year  rotation  plots,  indicate  an  average 
phosphorus  content  of  0.25  per  cent.  Rarely  was  a  sample  found 
containing  more  than  0.30  per  cent  or  less  than  0.20  per  cent. 

EFFECT  OF  FERTILIZER  POTASH  ON  YIELD  AND  POTASSIUM 
CONTENT  OF  TOBACCO   AS   INFLUENCED   BY   ROTATION 

Plots  1,  2,  3,  and  4  received  varying  quantities  of  potash,  while 
the  concentrations  of  both  nitrogen  and  phosphorus  were  held 
constant.  The  effect  of  these  treatments  are  given  in  table  10. 

Table  10. — Influence  of  potash  addilions  on  yield  of  tobacco;  Roseville, 
1935-40. 


Average 

Yield 

Plot 

Fertilizer  Treatment 
Quantity     Formula 

1935  to 
1940 

Rank  of 

Yield  1935  to  1940 

No. 

Lowest 

Highest    Average 

pounds 

pounds 

per  acre 

per  acre 

1 

1,000 

6-8-4 

1,699 

15  th 

4th               10th 

2 

1,000 

6-8-8 

1,755 

20th 

3rd                6th 

3 

1,000 

6-8-12 

1,757 

17  th 

1st                 5th 

4 

1,000 

6-8-16 

1,696 

16  th 

7th               12th 

Without  manure,  the  increased  quantity  of  potash  applied  did 
not  materially  affect  the  yield.  As  a  matter  of  fact  the  yield  ob- 
tained with  40  pounds  per  acre  of  potash  was  approximately  the 
same  as  when  160  pounds  were  applied.  Better  results  were  ob- 
tained on  plot  26,  where  manure  was  used  with  the  same  quantity 
of  fertilizer  potash. 

A  study  of  the  potassium  content  of  the  mature  tobacco  over 
a  5-year  period  was  made,  the  results  of  which  appear  in  table  11. 
The  figures  presented  indicate  quite  clearly  that  under  the  con- 
ditions of  these  experiments,  the  quantity  of  potassium  supplied 
the  soil  is  by  no  means  reflected  by  an  increased  quantity  in  the 
leaves.  It  may  be  noted  that  the  potassium  content  averaged  less 
than  3  per  cent  over  this  period,  far  less  than  the  quantity  desired 
for  yield,  quality,  and  resistance  to  leafspot  disorders. 

The  samples  of  immature  tobacco  obtained  in  1937  averaged 
somewhat  higher  than  those  taken  in  the  other  four  seasons.  Here 
again,  however,  are  found  marked  inconsistencies.  For  example, 
plot  19,  a  no-treatment  plot,  produced  tobacco  containing  a  higher 
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Table  11.— Potassium  contenl  of  mature  tobacco  (sixth  leaf)  on  a  moU- 
ture  free  basis  grown  on  the  S-year  rotation  plots  over  a  period  of  fave 
years;  Roseville,  1935-39. 


Plot 
No. 


1935 


1936 


1937 


1938 


1939 


Average 


1 
2 
3 
4 
5 

6 

7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 

!^7 
28 
29 
30 
31 


per  cent 

2.10 
2.59 
2.46 
3.16 
2.61 

2.30 
2.85 
2.28 
2.62 
2.36 

1.98 
3.05 
2.63 
2.41 
1.91 

1.57 
2.47 
3.04 
1.02 
2.29 

3.54 
4.02 
3.75 
4.31 
2.66 

4.11 
3.79 
4.41 
1.91 
3.46 
3.11 


per  cent 


1.73 
2.55 
3.36 
3.74 
3.88 

3.16 
2.56 
3.10 
2.60 
3.39 

2.42 
3.62 
3.10 
3.02 
2.81 

2.21 
2.91 
3.30 
2.37 
2.91 

3.53 
3.98 
3.43 
3.78 
3.40 

4.02 
2.98 
3.96 
2.04 
2.37 
2.63 


per  cent 

per  cent 

2.47 

2.31 

3.21 

2.53 

3.49 

2.78 

4.01 

2.80 

3.91 

2.20 

3.99 
2.99 
3.83 
4.36 
4.10 

2.72 
3.85 
3.24 
3.18 
3.94 

2.01 
2.49 
3.30 
2.56 
3.28 

4.50 
4.03 
4.20 
4.30 
3.27 

3.78 
3.30 
4.02 
2.05 
3.40 
4.18 


3.35 
2.78 
2.42 
2.47 
2.36 

1.80 
2.58 
2.62 
1.96 
1.83 

2.21 
3.10 
3.69 
0.94 
2.22 

3.47 
3.58 
3.49 
3.56 
2.32 

4.19 
3.94 
4.50 
1.84 
2.64 
3.51 


per  cent 

1.39 
1.59 
2.11 
2.74 
2.42 

2.06 
2.15 
2.32 
2.01 
2.33 

2.03 
2.77 
2.32 
2.01 
1.86 

1.92 
2.37 
3.57 
0.97 
1.99 

2.45 
2.82 
2.35 
2.57 
2.06 

2.91 
1.90 
2.51 
1.11 
2.29 
2.80 


per  cent 

2.00 
2.49 
2.84 
3.29 
3.00 

2.96 
2.67 
2.79 
2.81 
2.91 

2.19 
3.17 
2.78 
2.52 
2.47 

1.98 
2.67 
3.38 
1.57 
2.54 

3.50 
3.69 
3.44 
3.70 
2.74 

3.80 
3.18 
3.88 
1.79 
2.83 
3.25 


Average 


2.80 


3.06 


3.49 


2.77 


2.22 


2.87 


concentration  of  potassium  than  was  found  in  tobacco  from  plot  1 
receiving  1,000  pounds  per  acre  of  a  6-8-4  mixture  applied  broad- 
cast,  plot  16  receiving  500  pounds  per  acre  of  a  6-8-12  mixture, 
and  plot  17  receiving  1,000  pounds  per  acre  of  the  same  mixture 
applied  to  the  row.  It  may  be  noted  that  low-nitrogen  and  low- 
phosphorus  additions  aided  in  the  intake  of  potassium  for  that  par- 
ticular  season. 

Experience  has  shown  that  the  intake  of  potassium  by  cigar-leaf 
tobacco  in  Lancaster  county  is  governed  largely  by  the  quantity 
of  available  soil  moisture  present.  Relatively  small  quantities  of 
this  particular  element  are  absorbed  during  a  drought,  regardless 
of  the  quantity  at  the  disposal  of  tobacco  plants. 
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Fig.  3. — A  load  of  Pennsylvania  cigar-leaf  tobacco,  freshly  harvested 
as  it  comes  from  the  experimental  plots.  ' 

On  the  other  hand,  relatively  large  quantities  of  potassium  have 
been  found  present  in  tobacco  leaves  where  rainfall  was  both 
ample  and  well  distributed  and  where  the  conditions  for  growth 
and  development  were  otherwise  satisfactory.  However,  the 
erratic  results  obtained  regarding  the  absorption  of  both  nitrogen 
and  potassium  must  indicate  the  overshadowing  effect  of  the  pre- 
ceding crop. 

NITROGEN   AND   POTASSIUM   CONTENT   AND   TOTAL   YIELD   OF 

CIGAR-LEAF   TOBACCO   AS   INFLUENCED  BY   FERTILIZER 

TREATMENT   WITH   CORN   AS   THE   PRECEDING   CROP 

Long  before  the  3-year  rotation  experiment  was  completed,  it 
became  apparent  that  legumes  should  not  immediately  precede 
tobacco  in  a  rotation.  Therefore,  in  1938  a  series  of  experiments 
was  initiated  in  which  corn  preceded  tobacco  rather  than  legumes. 
This  experiment  was  conducted  over  a  3-year  period.  Several  of 
the  treatments  used  were  analogous  to  those  used  in  the  3-year 
rotation  experiment  and  may  be  used  in  comparison  of  the  systems. 

The  soil  chosen  for  these  particular  experiments  was  not  in  a 
state  of  high  fertility  and,  in  addition,  was  subject  to  considerable 
washing.  On  the  other  hand,  the  plots  of  the  3-year  rotation  ex- 
periment should  have  been  in  high  fertility  where  the  quantity 
of  organic  additions  and  fertilizers  applied  is  taken  into  consider- 
ation. Nevertheless,  the  evidence  submitted  in  table  12  tends  to 
favor  corn  rather  than  legumes  as  the  preceding  crop  for  tobacco. 

From  table  12  it  may  be  noted  that  plots  receiving  no  commercial 
fertilizer  gave  a  somewhat  higher  yield  where  legumes  rather 
than  corn  constituted  the  preceding  crop.  However,  in  this  case 
a  higher  concentration  of  both  nitrogen  and  potassium  were  found 
in  the  tobacco  plants  where  corn  was  the  preceding  crop.  A  greater 
nitrogen  and  a  lesser  potassium  content  were  obtained  from  plots 
receiving  10  tons  of  manure  alone  following  corn,  the  yield  being 
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Table  12.— Effect  of  preceding  crop  on  average  yield  of  tobacco  for  1938, 
1939,  and  1940,  and  the  average  nitrogen  and  potassium  content  of  njalu'« 
leaf  for  1939  and  1940;  fertilizer  applied  at  the  rate  of  1000  pounds  per 
acre  where  used:  Roseville.  ____^__^_--— — 


Preceding    Fertilizer 

Crop  Formula    Manure 


No.  OF 
Plots 
Tested 


Average 
Yield 


Average  Composition 

FOR  1939  AND  1940 

Nitrogen    Potassium 


tons 
per  acre 


Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 

Legumes 
Corn 


6-8-12 
6-8-12 

3-8-12 
3-8-12 

6-0-12 
6-0-12 

6-4-12 
6-4-12 

None 
None 

0-8-12 
0-8-12 

3-8-12 
3-8-12 

3-8-  8 
3-8-  8 

3-8-16 
3-8-16 


10 
10 

10 
10 

10 
10 

10 
10 

10 
10 

20 
20 


pounds 
per  acre 

5  1,530 

4  1,628 

1  1,365 

4  1,576 

1  1,372 

2  1,428 

1  1,454 

2  1,591 

2  1,315 

2  1,249 

1  1,471 

4  1,643 

1  1,558 

4  1,743 

1  1,477 

2  1,661 

1  1,726 

2  1,759 

1  1,555 

2  1,535 

1  1,710 

2  1.664 


per  cent 

3.32 
3.51 

3.11 
3.50 

3.52 
3.96 


per  cent 

2.56 
2.52 

2.71 
2.95 

2.37 
2.90 


3.66 
3.75 

2.24 
2.45 

3.70 
3.85 

1.22 
1.47 

3.17 
3.43 

2.96 
3.04 

3.26 
3.65 

3.20 
3.29 

3.38 
3.04 

2.92 
2.58 

3.27 
3.26 

3.55 
3.85 

3.30 
3.77 

2.92 
2.36 

3.30 
3.65 


3.51 
2.45 


practically  the  same.  When  20  tons  of  manure  alone  were  applied, 
a  somewhat  higher  yield,  a  markedly  higher  potassium  content, 
but  a  lower  nitrogen  content  were  obtained  where  legumes  pre- 
ceded tobacco.  However,  where  different  fertilizer  mixtures  were 
used  alone  or  with  manure,  the  results  were  decidedly  in  favor  of 
corn  as  the  preceding  crop. 

BURN  AND  QUALITY  OF  CIGAR-LEAF  TOBACCO  AS 

INFLUENCED   BY  FERTILIZER  TREATMENT 

AND  PRECEDING  CROP 

Samples  of  well-cured  tobacco  from  the  1938  and  1939  crops  on 
the  3-year  rotation  plots  were  tested  by  competent  experts  for 
burn  and  quality.  The  results  of  these  tests  are  presented  in  table 

13. 

On  the  whole,  the  tests  on  burn  and  quality  showed  pronounced 
inconsistencies  as  may  be  noted  in  the  case  of  plots  receiving  1000 
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Table  13. — Burn  and 
treatment  and  legumes 


Vs^lhl  ^L""^^^^'^^^^  *°^S^^^  ^^  '^l«*^d  *o  fertilizer 
as  the  preceding  crop;  Roseville.  1938  and  1939. 


Burn 


Plot  No. 


1938 


Quality 


1939 


1938 


1 

Fair 

2 

Fair 

3 

Fair 

4 

Poor 

5 

Fair 

6 

Poor 

7 

Fair 

8 

Good 

9 

Poor 

10 

Good 

11 

Fair 

12 

Fair 

13 

Fair 

14 

Fair 

15 

Good 

16 

Poor 

17 

Poor 

18 

Poor 

19 

Poor 

20 

Poor 

21 

Good 

22 

Good 

23 

Fair 

24 

Good 

26 

Good 

26 

Good 

27 

Fair 

28 

Good 

29 

Poor 

30 

Fair 

31 

Fair 

1939 


Poor 
Fair 
Irregular 
Fair 
Fair 
Fair  to  poor 
Good  to  fair 
Fair 
Fair 
Fair 
Very  poor 
Irregular 
Fair  to  poor 
Fair  to  poor 
Fair  to  poor 
Poor 
Poor 
Good  to  fair 
Very  poor 
Very  poor 
Fair  to  poor 

Fair 
Fair  to  poor 

Good 
Good  to  fair 

Good 

Good  to  fair 

Good  to  fair 

Very  poor 

Fair 

Good  to  fair 


Fair 

Fair 

Fair 

Poor 

Poor 

Poor 

Fair 

Fair 

Poor 

Fair 

Fair 

Fair 

Poor 

Fair 

Fair 

Poor 

Poor 

Poor 

Poor 

Poor 

Fair 

Fair 

Fair 

Fair 

Good 

Good 

Fair 

Good 

Poor 

Fair 

Fair 


Poor 
Poor 
Very  poor 
Fair 
Poor 
Poor 
Fair  to  poor 

Poor 

Fair  to  poor 

Fair 

Very  poor 

Fair  to  poor 

Fair 

Poor 

Poor 

Poor 

Poor 

Fair  to  poor 

Very  poor 

Very  poor 

Fair  to  poor 

Fair  to  poor 

Fair 
Good  to  fair 
Fair 
Fair 
Fair 
Fair 
Very  poor 
Fair 
Fair 


pounds  per  acre  of  a  0-8-12  mixture.  Some  of  these,  however,  were 
much  superior  to  those  receiving  the  row  treatments  with  well 
balanced  mixtures. 

A  study  was  made  on  tobacco  where  corn  was  the  preceding 

f  ??  '^J^^^  ^""^  ^^^^'  ^^^  ^^  ^he  original  10-acre  experimental 
held  These  were  the  so-called  "Potassium  Placement  Plots  ''  The 
fertihzers  applied  to  these  plots  contained  the  same  nitrogen  and 
phosphoric  acid  content,  but  the  potash  application  was  allowed  to 
vary  to  a  considerable  degree.  In  addition,  various  methods  of 
applying  these  mixtures  were  studied. 

No  manure  was  applied  to  the  placement  plots  in  1938  but 
spent  mushroom  manure  was  applied  in  1939  at  the  rate  of  10  tons 
per  acre.  Neither  of  these  treatments  are  to  be  recommended. 

The  results  of  these  tests  of  burn  and  quality,  accompanied  by 
data  on  the  nitrogen  and  potassium  content  of  the  mature  tobacco 
are  presented  in  table  14. 
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While  It  would  be  rather  difficult  to  compare  tobacco  grown  on 
the  placement  plots  with  those  of  the  3-year  rotation  experiment, 
It  would  appear  that  less  nitrogen  was  absorbed  by  plants  follow- 
ing corn  in  1938  than  tobacco  produced  on  the  3-year  rotation 
plots.  However,  in  1939  this  condition  was  completely  reversed 
While  the  conditions  appeared  better  for  the  absorption  of  potas- 
sium from  the  crops  following  corn,  the  concentration  found  in 
the  leaves  could  not  be  correlated  with  the  amount  suppHed  in 
the  fertilizer.  However,  the  burn  and  quality  of  the  tobacco  fol- 
lowing corn  were  much  superior  and  more  consistent  than  the 
tobacco  following  legumes. 

DISCUSSION 

The  demand  upon  the  soil  by  cigar  filler  tobacco  for  moisture 
and  mineral  nutrients  is  very  great.  Yields  of  cigar  filler  tobacco 
must  be  much  larger  than  yields  of  certain  other  types  if  the 
grower  is  to  receive  a  profit  from  the  crop  because  of  the  value 
of  a  pound  of  cigar-filler  tobacco  is  usually  much  less  than  that 
of  many  other  important  types  of  tobacco.  The  economic  necessity 
of  high  yields  is  not  the  only  factor  which  tends  to  make  the 
demand  of  cigar-filler  tobacco  upon  the  soil  inordinately  great. 
Good  quality  in  tobacco  of  certain  other  types,  as  for  example 
flue-cured  tobacco,  is  associated  with  a  nitrogen  content  of  only 
2  per  cent  and  a  potassium  content  comparable  in  amount.  Excel- 
lence in  quality  in  cigar-filler  tobacco,  on  the  other  hand,  is  asso- 
ciated with  a  nitrogen  content  of  from  3.5  per  cent  to  4.25  per  cent 
and  a  potassium  content  at  least  as  great. 

Consideration  of  both  yield  and  chemical  composition  reveals 
that  the  moisture  demands  of  the  cigar-filler  type  are  at  least 
double  the  demands  of  the  lower  nitrogen  tobaccos  and  the  nitro- 
gen and  potassium  demands  upon  the  soil  may  be  as  much  as 
from  two  to  four  times  as  great.  As  a  result  of  these  great  demands 
upon  the  soil  for  moisture  and  nutrients,  the  culture  of  cigar-filler 
tobacco  is  conducted  upon  fertile,  heavy  soils  such  as  are  found 
in  the  Lancaster  area.  The  maintenance  of  the  necessary  level  of 
fertility  in  these  soils  requires  frequent  application  of  nutrients, 
and  the  maintenance  of  tilth  and  moisture-holding  capacity  re- 
quires frequent  utilization  of  either  plant  or  animal  manures  or 
both. 

As  an  aid  in  maintaining  a  high  level  of  available  nutrients  in 
the  soil,  particularly  nitrogen,  and  in  maintaining  good  tilth  and 
moisture-holding  capacity  through  the  more  frequent  incorpora- 
tion of  organic  matter,  the  3-year  rotation  in  which  tobacco 
follows  a  legume  was  introduced  experimentally.  The  results 
obtained  over  a  period  of  nine  years  have  been  presented  in  this 
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bulletin  and  these  have  been  compared  with  data  obtained  from 
plots  following  corn  which  received  comparable  treatments.  This 
comparison  shows  that  the  attempt  to  produce  tobacco  upon  soil 
in  which  a  legume  has  immediately  preceded  the  crop  has  proved 
disappointing. 

In  the  case  of  most  of  the  fertilizer  treatments,  as  shown  in 
table  12  the  yield  following  corn  exceeded  that  following  a  legume. 
Only  in'  the  case  of  inadvisable  practices  such  as  are  represented 
by  "No  treatment"  and  "Manure  alone"  plots  did  the  yield  follow- 
incr  a  legume  prove  larger  than  that  obtained  on  corn  land,  and 
in^these  cases  the  difference  proved  slight.  The  presence  of  the 
legume  stubble  in  the  soil  had  a  depressing  effect  upon  crop  yield. 
The  tobacco  grown  on  the  plots  of  the  3-year  rotation  showed  a 
certain  lack  in  quahty  throughout  the  course  of  the  experiment. 
This  deficiency  became  somewhat  more  pronounced  through  the 
years.  This  lack  of  quality  is  shown  in  table  13.  This  confirms  the 
belief  of  many  Lancaster  County  growers  who  as  the  result  ot 
past  experience  avoid  alfalfa  stubble  land  in  the  selection  of 
sites  for  tobacco. 

Success  in  the  production  of  tobacco  in  the  Lancaster  area  is 
dependent  not  only  on  obtaining  high  yield  and  good  quality  but 
in  addition  upon  the  avoidance  of  serious  leafspot  damage  in  those 
years  of  erratic  precipitation.  From  this  standpoint  the  3-year 
rotation  also  proved  extremely  disappointing.  In  every  season  in 
which  leafspot  damage  assumed  economic  importance,  the  tobacco 
on  the  3-year  rotation  plots  suffered  more  severely  than  the  to- 
bacco which  followed  corn. 

The  chemical  analyses  performed  in  the  course  of  this  investi- 
gation are  of  particular  interest,  tables  8,  11,  and  12.  Among  the 
reasons  for  the  introduction  of  the  3-year  rotation  was  the  need 
of  increasing  the  nitrogen  content  of  the  crop  in  order  to  reach 
the  desirable  range  of  from  3.5  to  4.25  per  cent  nitrogen.  The 
introduction  of  the  legume  immediately  preceding  the  tobacco 
crop  however,  not  only  failed  to  result  in  increased  nitrogen  as- 
similation by  the  tobacco  but  actually  resulted  in  the  production 
of  lower  nitrogen  tobacco.  As  shown  in  table  12  tobacco  produced 
on  corn  land  in  most  instances  had  a  higher  and  more  desirable 
nitrogen  content  than  did  tobacco  produced  under  the  3-year 
rotation.  Likewise  potassium  assimilation  was  depressed  on  those 
plots  in  which  leguminous  material  had  been  turned  under  im- 
mediately preceding  the  planting  of  tobacco. 
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SUMMARY 

Studies  were  conducted  over  a  period  of  nine  years  as  to  the 
influence  of  fertilizer  treatment  on  the  yield  and  quality  of  Penn- 
sylvania cigar-leaf  tobacco  and  as  modified  by  the  preceding  crop. 
As  a  result  of  these  investigations  the  following  conclusions  seem 
justified: 

1.  The  influence  of  a  legume  as  the  preceding  crop  over- 
shadowed the  effect  of  a  given  fertilizer  treatment.  The  pres- 
ence of  legume  stubble  had  a  depressing  effect  upon  both 
yield  and  quality. 

2.  Regardless  of  the  fertilizer  treatment,  both  the  nitrogen 
and  potassium  content  of  the  mature  plants  were  usually  too 
low  for  satisfactory  yield  and  quality.  This  held  true  regard- 
less of  the  fact  that  in  most  instances  relatively  large  quan- 
tities of  both  nitrogen  and  potassium  were  supplied  the  plants. 

3.  The  influence  of  corn  as  the  preceding  crop  was  definitely 
superior  to  that  of  legumes  from  the  standpoint  of  yield,  qual- 
ity, and  absorption  of  nitrogen  and  potassium. 

4.  The  effect  of  legumes  as  the  preceding  crop  were  modi- 
fied to  a  considerable  extent  by  the  amount  and  distribution 
of  rainfall  as  indicated  by  seasonal  difference  in  yield  and 
composition. 

5.  Cigar-leaf  tobacco  requires  a  considerable  amount  of 
moisture  for  its  normal  development,  but  the  rainfall  should 
be  well  distributed  throughout  the  entire  growing  season. 
The  abrupt  breaking  of  a  drought  usually  results  in  tissue 
breakdown.  This  condition,  however,  is  dependent  on  the 
physiological  age  of  the  plant;  young  plants  being  less  sus- 
ceptible than  are  those  approaching  maturity.  In  every  season 
in  which  leafspot  damage  assumed  economic  importance,  the 
tobacco  following  legumes  suffered  more  severely  than  to- 
bacco following  corn. 
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Warlime  Problems  of  Feedins  and  Nutrition 


R.  C.  MILLER.  Ph.D. 

State  College,  Pennsylvania 


A  PRACTICAL  discussion  of  nutrition  and 
livestock  feeding,  as  well  as  feeding  itself, 
is  difficult  at  the  present  time  owing  to  the 
general  unavailability  of  the  many  feed- 
stuffs  which  have  been  considered  essen- 
tial for  a  sound  feeding  program. 

Nevertheless,  in  spite  of  difficulties,  the 
livestock  industry  is  called  upon  to  increase 
production  of  livestock  products  in  1943 
to  insure  the  continuance  of  the  task  un- 
dertaken by  the  nation. 

There  are  shortages,  per  animal  unit,  of 
many    feeds    and    supplements.     There    is 
shortage  of  farm  labor.    There  are  bottle- 
necks and  priorities,  ceilings  in  prices  and 
restrictions  on  transportation,  rumors  and 
actualities.    The  outlook  is   uncertain   but 
there  is  a  bright  side  also.   Veterinary  sci- 
ence and  biochemistry  have  made  notable 
advances     in     recent    years.     Today,     the 
animal    industry    is   better   equipped   than 
ever  before  with  knowledge  and  with  some 
of    the    tools    required    to    deal    with    the 
problem. 

Finally,  there  is  no  restriction  on  the 
plain  common  sense  which  is  going  to  play 
a  big  role  in  the  solution  of  this  problem. 
With  the  use  of  common  sense  combined 
with  science,  there  are  three  things  which 
will  yield  large  returns  to  livestock  pro- 
duction and  not  require  the  expenditure  of 
much  money  or  of  the  restricted  materials : 
1)  The  first  is  to  stress,  as  never  before, 
the    paramount    importance    of    the    best 


Presented  at  the  fifty-ninth  annual  meeting  of  the 
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sanitary  conditions  for  all  classes  of  live- 
stock. Interest  in  sanitation  should  focus 
upon  control  of  infectious  and  parasitic 
diseases.  It  is  wasteful  to  try  to  properly 
nourish  animals  that  are  parasitized  and 
sanitation  is  the  chief  step  in  the  preven- 
tion  of  that  condition. 

2)   Next,    the    greatest    possible    use    of 
pasture    should    be    emphasized  —  that    is, 
good  pasture,  not  only  an  exercise  lot,  al- 
though   that    is    worth    something.     It    is 
known   that   good   permanent  pasture   can 
not  be  developed  in  one  year  or  for  one 
season  but  there  are  forage  crops  such  as 
perennial    rye    grass    that    will    serve    as 
emergency   pasture.     Alfalfa   is   preferred 
but   other   legumes    such    as    sweet   clover 
and  ladino  clover   (which  is  comparatively 
new  in  some  sections)   give  good  returns. 

There    is    a    shortage    of   fertilizer   and 
fencing  is  scarce,  but  in  any  event,  the  use 
of  all  the  pasture  possible  for  all  classes 
of  livestock   is  helpful.    Green   grass   and 
forage   contain   something   which   has   not 
been  fully  identified  or  duplicated.  Pasture 
furnishes  something  that  can  not  be  bought 
in  a  bag.    Its  greatest  use  will  bring  good 
returns    in    terms    of    growth,    vigor,    and 
health.  To  prolong  the  use  of  green  grasses 
throughout  the  year,   grass   silage,   which 
can    now    be    made    without    the    use    of 
molasses  or  acid,  will  bring  good  returns  in 
a  limited  feeding  program. 

The  fullest  use  of  pasture  embraces  an- 
other example  of  common  sense  which 
doesn't  cost  much  and  is  too  often  forgot- 
ten, and  that  is  plenty  of  sunshine.  Many 
farmers  are  very  stingy  with  sunshine  for 
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their  livestock.  As  pointed  out  below,  the 
vitamin  D  obtained  through  sunshine  re- 
duces the  amounts  of  some  of  the  minerals 
required  and  allows  the  limited  quantities 
which  can  be  provided  by  the  feed,  to  be 
better  utilized.  There  was  never  a  time 
when  year-around  sunshine  for  livestock 
would  bring  bigger  dividends. 

At  this  point,  it  should  be  emphasized 
that  increased  production  quotas  will  not 
be  attained  unless  every  livestock  pro- 
ducer responds.  Most  of  the  large  pro- 
ducers are  already  doing  everything  pos- 
sible and,  probably,  increases  can  not  be 
expected  from  them.  The  small  producer 
must  now  be  reached — ^those  with  2  to  5 
cows  and  a  few  pigs  or  chickens.  Many  of 
this  group  can  redouble  their  efforts.  The 
responsibility     of     increasing     production 

falls  to  them. 

3)    Foremost    among    the   specific   prob- 
lems confronting  feeders  is  that  of  protein. 
This   is  especially  serious  from  the  view- 
point of  total  protein  supply  and  sources. 
Conditions    imposed    along    our    coastlines 
by  warfare  have  greatly  decreased  the  pro- 
duction of  fish  meal,  and  importations  of 
animal  protein  have  been  restricted.    Do- 
mestic tankage  production  is  good  but  the 
total  supply  per  animal  is  below  the  pres- 
ent needs.    Fortunately,  the  animal-protein 
problem    does   not   apply   to    all    livestock. 
The  microorganisms  in  the  digestive  tract 
of   ruminants   supply   these   animals  many 
essential    amino    acids,    or    protein    frag- 
ments,   required   for   growth   and   develop- 
ment.   This  is  not  true  in  animals  with  a 
simpler  digestive  tract.   In  swine  and  poul- 
try, the  animal-protein  problem  is  of  great 
concern.    Whereas,  cattle  and  sheep  thrive 
on   plant  protein,   pigs   and  chickens  have 
requirements   for   animal   proteins   which, 
unfortunately,  war  does  not  change. 

The  best  substitute  for  tankage,  meat 
scraps,  and  fish  meal  as  far  as  protein  is 
concerned  appears  to  be  properly  processed 
soybean  oilmeal.  The  quality  of  protein  it 
supplies  seems  to  be  adequate  for  swine  and 
poultry.  The  protein  content  of  their  ra- 
tions can  be  maintained  by  its  use. 

It  is  not  known  how  far  the  supply  of 


soybean  oilmeal  will  extend  in  the  present 
feeding  program.  The  demand  may  exceed 
the  supply,  but  effort  is  being  made  to 
increase  the  supply  as  much  as  possible. 
Soybeans  are  being  shipped  to  the  South 
to  take  advantage  of  the  southern  mills 
which,  ordinarily,  are  used  only  a  part  of 
the  year  for  crushing  and  pressing  peanuts 
and  cottonseed. 

The  animal  protein  available  should  be 
conserved  by  including  it  only  in  the  ra- 
tions of  young,  growing  animals.  Once 
they  are  off  to  a  good  start  with  growth 
well  under  way,  the  shift  should  then  be 
made  to  plant  protein  as  it  will  suffice  for 
finishing  and  fattening  meat  animals. 

Although  the  dairyman  does  not  need 
animal  protein,  he  must  use  his  ingenuity 
to  keep  up,  as  well  as  he  can,  the  protein 
content  of  his  feeds  by  the  wise  use  of  soy- 
beans, linseed,  and  gluten.  The  use  of 
roughages  such  as  alfalfa  will  help  out. 

What  are  the  dangers  of  changing  from 
animal  to  plant  protein  in  feeding  swine? 
(The  question  may  also  be  asked  of  poul- 
try.)    First,    vegetable    proteins   are    defi- 
cient in  the  calcium  required  for  bone  de- 
velopment.   Ordinarily,  bone  meal  would  be 
used   in   this   situation.    But,   the   present 
supply    of    bone    meal    is    inadequate    and, 
therefore,  can  not  be  depended  upon.  Lime- 
stone   is   the   next   choice   as   a   source   of 
calcium  but  it  does  not  supply  phosphorus. 
Therefore,    its    use    in    unlimited    amounts 
is  out  of  the  question.    The  use  of  limited 
amounts  of  limestone    (1   to   1.5%    of   the 
ration)   is,  however,  practicable.    The  min- 
eral situation  will  be  partly  taken  care  of 
in  this  way,  especially  if  the  animals  re- 
ceive adequate  vitamin  D. 

For  swine  and  cattle  as  mentioned  above, 
sunshine  will  serve  the  purpose  of  supply- 
ing vitamin  D  to  good  advantage.  Irradi- 
ated yeast,  a  relatively  low-priced  product, 
may  also  be  used  for  four-footed  animals. 
Fish  oils,  if  available,  will  serve  the  pur- 
pose for  poultry.  If  not  available,  a  syn- 
thetic vitamin  D  of  the  new  activated,  ani- 
mal-sterol  type  is  satsifactory.  Another 
possible  substitute  for  bone  meal  is  rock 
phosphate.    This  natural  product  supplies 
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both  calcium  and  phosphorus  but  caution 
must  be  used  in  the  particular  product  fed, 
since  much  of  the  rock  phosphate  contains 
fluorine  in  toxic  amounts.    The  manifesta- 
tion  of  this   toxicity  are  thickening,   sof- 
tening, and  weakening  of  the  bones,  asso- 
ciated    with      characteristic     histological 
changes.    Defects   occur  also  in  the  teeth 
which  become  soft  and  worn.    The  results 
are    lowered    food    consumption,    impaired 
growth,    and    diminished    milk    production 
as  well  as  breeding  difficulties  in  the  case 
of  cattle.    These  conditions  do  not  develop 
rapidly  but  are  inevitable  after  prolonged 
high  intake  of  fluorine.   There  is  available 
a  limited  amount  of  rock  phosphate  which 
has  had  the  fluorine  removed.   This  is  per- 
fectly safe  to  feed.    Where  rock  phosphate 
is  used  as  a  mineral  supplement,  its  fluor- 
ine content  must  always  be  considered.   No 
mineral  supplement  containing  more  than 
0.1  per  cent  of  fluorine  should  be  fed. 

A  deficiency  of  vitamin  A  may  be  found 
in   a  present    day    feed.     White    corn    and 
white-capped  corn  rations  are  low  in  caro- 
tene, the  precursor   of  vitamin   A,   unless 
provision   is  made   to   supply   that  factor. 
Yellow   corn   is  the   most   universally  and 
generally  available  source  of  carotene  and 
should,    therefore,    be    used    if    available. 
Again,  as  in  the  instance  of  animal  pro- 
tein, these  products  should  be  fed  mostly 
to    the   young,    growing   animals.      Fortu- 
nately,   vitamin   A    can    be   stored   in    the 
organs  and  tissues  of  most  animals.   So,  if 
a  continuous  supply  of  vitamin  A  is  not 
available,  the  body  reserves  can  carry  the 
animals  over  for  a  period.    Pasture  enters 
this  picture,  particularly  good,  green  for- 
age which  is  an  excellent  source  of  vitamin 
A,  or  rather  of  its  precursor,  carotene. 

In  respect  to  vitamin  B,  restricted  feed- 
ing conditions  do  not  help  the  situation. 
In  the  case  of  cattle  and  other  ruminants, 
these  vitamins  are  not  a  problem  owing 
to  the  synthesis  of  vitamin  B  factors  in 
the  digestive  tract.  There  is  evidence,  how- 
ever, that  swine  need,  at  least,  five  of  the 
B  vitamins:  thiamin,  riboflavin,  niacin, 
pantothenic  acid,  and  pyridoxine.  In  the 
past,  it  has  been  supposed  that  these  fac- 


tors were  supplied  in  the  ordinary  good 
ration.  With  a  restricted  ration,  however, 
B-factor  deficiencies  may  easily  occur. 
These  are  manifested  by  unthriftiness, 
rough  skins  and  coats  of  hair,  scouring, 
vomiting,  goose  stepping  and  incoordina- 
tion, and  growth  failure. 

Dried  brewers'  yeast  should  supply  the 
recognized  B  factors  for  swine,  but  liver 
meal  is  the  only  thing  discovered  thus  far 
which  supplies  some  of  the  unknown  fac- 
tors.    It    is    sometimes    thought   that    the 
ordinary,    good   ration   will   supply   all   of 
the  B  factors  needed  by  growing  pigs  as 
long  as  the  feed  is  consumed  in  sufficient 
amounts.     Should    anything   like   influenza 
or  chilling  cause  a  reduction  of  the  feed 
intake,    these    deficiencies    may    become 
apparent.     It   appears    that   many   of    our 
good  rations  may  be  adequate  though  not 
rich  in  the  amount  of  B  factors  they  fur- 
nish.     Sometimes    the    situation    can    be 
saved  by  the  use  of  a  single   B  vitamin, 
niacin  for  instance.   Anything  that  restores 
appetites  and  brings  feed  consumption  up 
to  normal  will  correct  matters.    There  has 
been  some  success  in  fermenting  the  feed 
of  swine — going  back  to  the  old  swill-bar- 
rel idea  which  may  not  be  at  all  bad. 

In  poultry,  the  demands  for  B  vitamins 
are,  perhaps,  more  exacting  than  in  swine. 
Apparently,  factors  in  addition  to  those 
enumerated  for  swine  are  required.  It  is 
necessary  to  select  carefully  the  ingredi- 
ents of  poultry  rations  and  to  use  vitamin 
B  carriers  such  as  skimmed  milk  powder, 
distillery  by-products,  and  yeast  to  satisfy 
these  requirements.  - 

The  distillery  by-products  are  a  good 
source  of  some  of  the  B  factors  for  both 
swine  and  poultry.  They  are  residues  of 
alcohol  production— dried  distillers'  sol- 
ubles, and  dried  distillers'  grains  (30% 
protein)  with  the  solubles  added.  They 
are  suitable  for  swine  and  furnish  some  of 
the  B  factors  required  by  poultry.  These 
products  are  relatively  new  sources  of  vita- 
mins and  while  not  available  in  unlimited 
quantities,  they  will  apparently  serve  a 
partial  source  of  supply  of  some  of  the  B 
factors  from   now  on.    In   addition,   some 
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of  the  pure  synthetic  B  vitamins  are  now 
becoming  cheap  enough  to  warrant  consid- 
eration of  their  regular  use  in  some  rations. 

With  further  respect  to  B  vitamins,  there 
may  be  danger  in  the  present  plan  involv- 
ing the  use  (in  the  livestock  feeding  pro- 
gram) of  large  amounts  of  the  surplus 
wheat  which  has  been  in  storage  for  some 
time.  It  is  probable  that  this  wheat  has 
lost  some  of  its  nutritive  value  during 
storage,  so  that  it  is  not,  as  is  often 
claimed,  equal  to  corn  as  a  replacement  for 
a  part  of  the  corn  in  the  ration.  Wheat 
lacks  the  vitamin  A  contained  in  yellow 
corn.  Storing  possibly  lowers  some  of  its 
content  of  vitamin  B  factors.  Such  wheat 
should  be  used  cautiously  and  never  sub- 
stituted for  more  than  one-half  of  the  corn 
in  a  ration.  A  gradual  substitution,  begin- 
ing  with  a  small  amount,  is  wise  in  any 
case. 

Last  summer,  I  heard  a  definition  of  a 


vitamin    which    expresses    an    interesting 

point  of  view: 

A  vitamin  Is  an  alleged  component  of  a  food 
[feed],  drug,  or  cosmetic  which  is  placed  in  the 
product  by  the  advertising  department,  and 
assayed  in  terms  of  sales  resistance.  An  under- 
dosage  leads  to  an  increased  sale  of  the  com- 
petitor's product,  and  an  over-dosage  leaves 
a  bad  taste  in  the  mouth  of  the  consumer. 

This  definition  is  given  because  in  the 
present  situation  with  respect  to  the  feed- 
ing of  livestock,  it  is  felt  that  the  industry 
[livestock]  may  be  confronted  with  the 
exploitation  of  all  sorts  of  supplementary 
products  whose  real  value  may  be  difficult 
to  appraise.  It  is  a  difficult  and  complex 
situation  which  will  not  be  solved  by  any 
one  thing  that  comes  in  a  bag  or  bottle. 
Rather,  the  best  judgment  and  cooperation 
of  all  who  are  qualified  will  be  needed  to 
carry  through  a  livestock  feeding  program 
which  will  even  begin  to  fulfill  our  needs, 
not  only  during  1943,  but  also  during  the 
next  few  years. 
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Relation  of  Chemical  Constitution  of  Some  N-Heterocyclic 
Compounds  to  Toxicity  to  Tetranychus  telarius  (L.)^'^ 

H.  L.  King  and  D.  E.  H.  Frear,  Pennsylvania  Agricultural  Experiment  Station,  State  College^ 


In  the  search  for  new  organic  insecti- 
cides, the  highly  toxic  properties  of  nico- 
tine have  stimulated  a  number  of  investi- 
gations of  the  insectidal  possibilities  of 
other  N-heterocyclic  compounds.  Several 
workers  have  studied  the  properties  of 
pyrrole  and  its  derivatives,   some  have 
studied  the  various  dipyridyls,  and  others 
have  investigated  the  derivatives  of  pyri- 
dine and  quinoline.  The  last-mentioned 
group  of  compounds  has  been  tested  by  a 
number  of  different  methods  and  on  a 
number  of  different  insects.  Richardson  & 
Smith   (1923),   in  an  investigation  of  a 
large    number    of    organic    compounds, 
sprayed    the    materials    on    nasturtium 
plants  infested  with  bean  aphids  and  con- 
sidered their  results  as  an  indication  of 
contact  toxicity.  Tattersfield  &  Giming- 
ham  (1927)  sprayed  aphids  with  certain 
of   these   compounds   and    confined    the 
aphids  in  closed  containers  with  leaves  of 
their  food  plants.  They  considered  their 
results  from  the  standpoint  of  combined 
contact  and  fumigant  action.  Bushland 
(1940)  mixed  the  test  compounds  with  the 
culture  medium  in  which  he  reared  larvae 
of  the  screw  worm,  Cochliomyia  americana 
C.  &  P.,  and  in  this  manner  measured  the 
combined  contact  action  and  stomach  ac- 
tion of  the  materials.  Shaw  &  Steer  (1938) 
investigated  the  ovicidal  properties  of  cer- 
tain quinoline  derivatives,  using  eggs  of 
Orgyia  antiqua  L.,   while  Smith    (1940) 
studied  the  toxicity  of  a  group  of  related 
compounds   to   eggs   of   Lygaeus   kalmii 
St&l. 

The  purpose  of  the  investigations  re- 
ported in  this  paper^  was  to  measure  the 
relative  toxicity  of  pyridine  and  a  series  of 
compounds  related  to  pyridine  as  contact 
sprays  on  the  greenhouse  red  spider, 
Tetranychus  telarius  (L.) ;  to  attempt  to  es- 
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tablish  some  relationships  between  chem- 
ical structure  and  toxicity  to  red  spider; 
and  to  compare  these  relationships  with 
those  established  by  the  above  investiga- 
tors in  their  work  with  various  insects. 

Materials. — The  choice  of  the  green- 
house red  spider,  or  spider  mite,  as  a  test 
animal  was  prompted  by  several  consider- 
ations. It  is  an  easily  reared  organisn,  of 
economic  importance,  and  is  related  to 
insects,  but  since  it  belongs  to  another 
class,  it  cannot  be  assumed  that  it  would 
react  to  toxicants  in  the  same  manner  as 
the  insects  which  have  been  inveltigated 
by  the  workers  mentioned  above.  Further- 
more, it  has  sucking  mouth-parts,  thus 
eliminating  to  a  great  extent  the  possibil- 
ity of  stomach  poisoning,  and  it  is  not 
particularly  susceptible  to  fumigants.  In 
this  work  the  sprayed  plants  were  kept  in 
a  well  ventilated  position,  minimizing  the 
possibility  of  fumigant  action,  so  that  the 
results  represent  contact  action  only. 

The  compounds  tested  in  this  work  are 
listed  in  table  1.  The  chemicals  used  were 

Table  1. — Degree  of  control  of  red  spider  se- 
cured by  a  1.0%  solution  of  various  N-hetero- 
cyclic compounds. 


Per  Cent 

Boiling 

Control 

Point 

OF  Red 

Compound 

(Degrees  C.) 

Spider 

Pyridine 

115.3 

0.6 

a-picoline 

128 

0.6 

^-picoline 

143.5 

0.0 

2-6-lutidine 

143 

1.3 

2-me-6-amino-pyridine 

208-9 

39.6 

2-amino-pyridine 

204 

41.2 

QuiDoline 

237.7 

65.1 

Acridine 

346 

100.0 

all  pure  with  the  exception  of  jS-picoline, 
which  was  an  85  per  cent  solution.  Acri- 
dine and  2-amino-pyridine  were  crystal- 
line preparations.  AH  others  were  liquids. 
For  testing,  the  compounds  were  dis- 
solved in  a  mixture  of  equal  parts  of  ace- 
tone and  water.  Each  compound  was  in 
true  solution  at  the  time  of  spraying. 

The  sprays  were  applied  from  an  atom- 
izer-type air-brush,  operated  by  a  De- 
Vilbiss  air  compressor,  at  a  constant  spray- 
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ing  pressure  of  sixteen  pounds  per  square 
inch,  and  were  sprayed  into  a  wooden 
chamber,  30X39X35  inches,  equipped 
with  an  exhaust  fan  at  the  back  and  a 
turntable  at  the  rear  center. 

Procedure.— Garden    beans    of    the 
Black  Wax  Pencil  Pod  variety  were  grown 
in  greenhouse  flats  until  the  seed-leaves 
were  well  developed,  and  were  then  trans- 
planted into  2-inch  pots.  One  day  after 
transplanting,    the   plants   were   mnocu- 
lated  with  mites  by  laying  heavily  infested 
leaves  from  the  culture-bed  on  the  plants 
to    be   innoculated.    Twenty-four   hours 
after  innoculation,  an  infested  plant  was 
placed   on   the  turntable  of  the  spray- 
chamber  and  the  spray  applied  from  a 
distance  of  30  inches,  for  30  seconds.  Dur- 
ing this  time  the  turntable  and  plant  made 
approximately    eight    revolutions.    After 
spraying,  the  plant  was  set  aside  for  24 
hours,  at  the  end  of  which  time  the  num- 
bers of  live  and  dead  adult  mites  were 
counted,  using  a  7-power  binocular  micro- 
scope. Per  cent  control  was  calculated  by 
Abbott's  formula,  each  day's  results  being 
corrected  against  a  series  of  blank  sprays 

Table  2.— Effect  of  the  addition  of  methyl 
groups  to  the  pyridine  nucleus  on  the  degree  of 
control  of  red  spider. 


Compound         Structure 


Pyridine 


a-picoline 


^-picoline 


2-6-lutidine 


Per  Cent  Con- 
trol  OF   Red 
Spider  by  a  5 
Per  Cent  Spray 


1.5 


0.7 


2.2 


1.6 


each  compound  was  tested  at  a  concentra- 
tion of  1  per  cent,  using  from  four  to  seven 
replicates,  depending  on  the  degree  of 
agreement  among  them.  The  results  of 
this  series  of  sprays  are  given  in  table  1.  it 

Table  3.— Comparison  of  the  effect  of  the  addi- 
tion of  amino  and  methyl  groups  to  the  pyridme 
nucleus  on  the  degree  of  control  of  red  spider. 


Compound 


Structure 


Per  Cent 

Control  of 

Red  Spider  by 

A  1  Per  Cent 

Spray 


Pyridine 


a-picoline 


2-amino-pyridine 


2-me-6-amino-pyridine 


NH2— <.    / 

N 


containing  equal  parts  of  acetone  and  wa- 
ter The  survival  of  mites  on  the  pJants 
sprayed  with  the  blank  sprays  was  con- 
sistently above  90  per  cent.  Throughout 
the  experiment,  the  average  infestation 
per  plant  was  well  over  a  hundred  mites. 

Experimental  Design  and  Results. 
—As  the  experiment  was  originally  set  up. 


will  be  seen  from  the  table  that,  at  this 
concentration,  the  control  given  by  pyri- 
dine, the  picolines  and  lutidine  was  too 
low  to  demonstrate  differences  among 
them.  Accordingly,  these  compounds  were 
retested  at  a  concentration  of  5  per  cent, 
using  seven  replicates.    (Tabled.) 

Discussion.— The   compounds    tested 
fall  naturally  into  three  series.  The  first  of 
these  is  represented  by  table  2    Here  is 
found  an  indication  that  the  addition  of 
one  or  two  methyl  groups  does  not  in- 
crease the  toxic  action  of  the  pyridine  nu- 
cleus. However,  it  should  be  noted  that 
even  at  a  concentration  of  5  per  cent,  these 
compounds  did  not  give  any  significant 
degree  of  control.  For  this  reason  compari- 
sons within  the  series  may  not  be  valid. 
Richardson  &  Smith  (1923),  experunent- 
ing  with  aphids,  found  picoline  more  toxic 
than  pyridine,  while  Tattersfield  &  Gim- 
ingham   (1927)   found  pyridine,  picolme 
and  lutidine  to  increase  in  toxicity  in  the 
order  mentioned.  . 

The  second  series  of  compounds  is  rep- 
resented by  table  3.  Here  it  will  be  seen  at 
once  that  the  addition  of  the  amino  group 
to  the  a-position  of  the  pyridine  nucleus 
markedly  enhances  the  acaricidal  action 
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of  that  nucleus.  The  addition  of  a  methyl 
group  in  the  a-position,  either  to  pyridine 
or  to  a' -amino-pyridine  adds  nothing  to 
the  toxicity  of  the  original  molecule.  As 
mentioned  above,  a  comparison  of  pyri- 
dine and  picoline  may  be  questioned  be- 
cause of  the  slight  degree  of  control  given 
by  either.  The  comparison  between  2- 
amino-pyridine  and  2-me-6-amino-pyri- 
dine,  however,  is  not  subject  to  such  criti- 
cism, and  is  taken  as  a  definite  indication 

Table  4. — Effect  of  the  addition  of  benzene 
rings  to  the  pyridine  nucleus  on  the  degree  of 
control  of  red  spider. 


Per  Cent  Control  of 
Red  Spider  by  a  1 
Compound     Structure  Per  Cent  Spray 


Pyridine   /\ 


0.6 


k 


"N 


/ 


Quinoline 


Acridine 


65.1 


100.0 


that  the  methyl  group  does  not  add  to  the 
toxicity  of  the  molecule. 

The  third  series  of  compounds  is  listed 
in  table  4  and  illustrates  the  remarkable 
increase  in  toxicity  that  occurs  when  one 
or  two  benzene  rings  are  condensed  with 
the  pyridine  nucleus.  In  the  limited  series 
studied,  toxicity  was  almost  directly  pro- 
portional to  the  number  of  benzene  rings 
added.  In  connection  with  this  series,  it 
may  be  mentioned  that  Smith  (1940),  as 
well  as  Richardson  &  Smith  (1923),  found 
quinoline  more  toxic  than  pyridine,  while 
Tattersfield  &  Gimingham  (1927)  found 
pyridine,  quinoline  and  acridine  to  in- 
crease in  toxicity  in  the  order  mentioned. 

The  increasing  order  of  toxicity  of  all 


the  compounds  studied  is  as  follows :  pyri- 
dine =  a-picoline  =  jS-picoline  =  2-6-luti- 
dine  <  2-me-6-amino-pyridine  =  2-amino- 
pyridine  <  quinoline  <  acridine.  In  so  far 
as  the  same  compounds  were  used,  this 
order  agrees  in  a  general  way  with  the  or- 
der of  toxicity  given  by  Tattersfield  & 
Gimingham  and  by  Richardson  &  Smith. 
However,  the  authors  mentioned,  working 
with  aphids,  were  able  to  demonstrate 
differences  among  the  lower  members  of 
the  series,  indicating  that  the  methyl 
groups  added  to  the  toxicity  of  the  parent 
molecule.  In  the  present  investigation 
with  greenhouse  red  spider,  this  was  not 
the  case,  indications  being  found  that  the 
methyl  group  did  not  add  to  the  toxicity 
of  the  molecule  to  this  organism. 

The  boiling  points  of  the  compounds 
used  are  listed  in  table  1.  It  will  be  noted 
that  the  order  of  toxicity  is  approximately 
the  same  as  the  order  of  increasing  boiling 
points. 

Summary. — Eight  N-heterocyclic  com- 
pounds related  to  pyridine  were  tested  as 
contact  acaricides  on  the  common  red 
spider,  Tetranychus  telarius  (L.). 

Results  of  these  tests  indicated  that 

(a)  the  addition  of  one  or  two  methyl 
groups  did  not  increase  the  toxicity  of  the 
pyridine  nucleus. 

(b)  the  addition  of  an  amino  group  in 
the  a-position  markedly  increased  the 
toxicity  of  the  molecule  to  the  mite. 

(c)  the  condensation  of  the  pyridine  nu- 
cleus with  a  benzene  ring  to  form  quino- 
line resulted  in  increased  toxicity,  while 
condensation  with  two  benzene  rings  to 
form  acridine  further  increased  the  toxic 
action  toward  the  mites. 

The  increasing  order  of  toxicity  of  all 
the  compounds  tested  is  as  follows:  pyri- 
dine =  a-picoline  =  jS-picoline  =  2-6-luti- 
dine  <  2-me-6-amino-pyridine  =  2-amino- 
pyridine  <  quinoline  <  acridine. 

The  increasing  order  of  toxicity  was 
found  to  be  nearly  the  same  as  the  increas- 
ing order  of  boiling  points. — 12-2-42. 


Literature  Cited 

Bushland,  Raymond  C.  1940.  The  toxicity  of  some  organic  compounds  to  young  screw  worms.  Jour. 

EcoN.  Ent.  33(4):  669-76.  .  .  tt  o  t^  a    n   1    it^n 

Richardson,  C.  H.,  and  C.  R.  Smith.  1923.  Studies  on  contact  insecticides.  U.S.D.A.  Bui.  1100. 
Shaw,  H.,  and  H.  Steer.  1938.  Studies  on  the  toxicity  of  certain  nitrophenols,  thiocyanates.  naph- 

thalene  derivatives  and  organic  bases  to  the  eggs  of  some  common  orchard  pests.  Jour.  Fomoi. 

Hort.Sci.  16:364-88.  ,  ^^  ,    ,      •   t  t?  t?..^ 

Smith,  Cass  F.  1940.  Toxicity  of  some  nitrogenous  bases  to  eggs  of  Lygaeus  kalmii.  Jour.  HiCON.  *.nt. 

33(5)  •  724—7 
Tattersfield,' F.,  and  C.  T.  Gimingham.  1927.  Studies  on  contact  insecticides.  V.  The  toxicity  of  tie 
amines  and  N-heterocyclic  compounds  to  Aphis  rumicis  L.  Ann.  Appl.  Biol.  14:  217-39. 

Reprinted  August  2,  1943  from 
Journal  of  Economic  Entomology  36:  (2)  :263 


^ 


Reprinted  from  The  Journal  of  Nutrition 
Vol.  26.  No.  2,   AuKUst,   1943 


9 


63 


#V  •' 


\ 


/ 


>     I    • 


i     ■     •' 


<       *    .•*7 


PREVENTION  OF  PEROSIS  AND  DERMATITIS  IN 

TURKEY  POULTS  ^ 

H  PATRICK,  R.  V.  BOUCHER,  R.  ADAMS  BUTCHER  AND  H.  C.  KNANDEL 

Departments  'of  Agricultural  and  Biological  Chemistry  and  Poultry  Hushandry, 
The  Pennsylvania  State  College,  State  College,  Pennsylvania. 

(Received  for  publication  October  19,  1942) 

It  is  recognized  that  manganese  is  necessary  for  the  pre- 
vention of  perosis  in  chicks  (Wilgus,  Norris  and  Heuser,  '37) ; 
however,  Jukes  ( '40)  found  both  manganese  and  chohne  essen- 
tial for  protection  of  poults  from  perosis.  Jukes  ( '40),  Hogan 
et  al    ('41)  and  Record  and  Bethke  ('42)  established  the  es- 
sential role  of  choline  in  the  prevention  of  perosis  m  chicks. 
It  was  recently  reported  that  in  addition  to  choline,  there 
exists  at  least  two  other  organic  nutrients  concerned  in  the 
prevention  of  perosis  in  chicks.   One  of  these  substances  is 
biotin  (Jukes  and  Bird,  '42),  and  the  other  substance  (Rich- 
ardson and  Hogan,  '41),  not  identical  ^vnth  any  of  the  recog- 
nized vitamins,  is  present  in  the  aqueous  extract  of  desiccated 
beef  liver.  This  unrecognized  substance  was  adsorbed  on  ful- 
ler's  earth  and  subsequently  eluted  with  ammonium  hydroxide. 
Perosis  has  been  reported  to  accompany  the  egg  white  injury 
syndrome  in  chicks  (McElroy  and  Jukes,  '40),  which  suggests 
that  this  symptom  is  a  result  of  induced  biotin  deficiency 

Hegsted  et  al.  ('40,  '42)  and  Ansbacher  and  Landy  (  41) 

established  the  essential  role  of  biotin  in  the  prevention  of  a 

!caly  dermatitis  in  chicks  which  was  distinct  from  the  dermati- 

is  produced  by  pantothenic  acid  deficiency.   Lepkovsky  and 

Jukes  ('36)  and  Jukes  ('38)  reported  that  vitamin  G  was  an 

.  Authorized  for  pubUcation  on  October  1   1942,  as  paper  no.  1^  m  «^^^^^^^^^^^ 
Series  of  the  Pennsylvania  Agricultural  Experiment  Station.    This  research  was 
Sd  by  a  gralt  from  the  Cooperative  G.  L.  F.  Exchange,  Inc.,  Ithaca,  N.  Y. 
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*  anti-dermatitis '  vitamin  in  poult  nutrition.  Patrick,  Boucher, 
Dutcher  and  Knandel  ('41)  reported  that  poults  receiving  a 
simplified  ration  containing  a  yeast  residue  or  crystalline 
biotin  methyl  ester  did  not  develop  dermatitis  even  when  the 
ration  was  grossly  inadequate  in  riboflavin.  Supplementation 
with  8  Mg.  of  biotin  daily  gave  complete,  protection.  Perosis  was 
frequently  observed  in  this  laboratory  in  turkey  poults  which 
received  rations  adequate  in  choline  and  manganese.  Dried 
brewers'  yeast  was  found  to  be  effective  in  preventing  perosis 
under  these  conditions.  This  paper  reports  studies  of  the  anti- 
perosis  properties  of  yeast  fractions,  crystalline  biotin  methyl 
ester  and  choline.  Further  evidence  on  the  effectiveness  of 
biotin  and  ineffectiveness  of  riboflavin  in  the  prevention  of 
dermatitis  is  also  presented. 

EXPERIMENTAL 

The  composition  of  the  simplified  basal  ration  is  given  in 
table  1.  Bronze  and  White  Holland  turkey  poults  were  used 
throughout  the  experiment.  They  were  started  when  1  day 
old  and  kept  in  electrically  heated  brooders  equipped  with 

TABLE  1 

Composition  of  the  simplified  basal  ration. 


% 

Purified    casein    25 

Extracted  wheat  brau    20 

Salt  mixture  no.  30  * 4 

Manganese   sulfate    0.04 

Soybean   oiP    ^  5 

Cod  liver  oil  (400  D) 8 

Wheat  germ  oil '   2 

Polished   rice    5 

ChoUne     0.2 

Pyridoxine     0.0005 

Thiamine 0.0005 

Vitamin  carriers  as  described  in  tables  2  and  3 
Corn  starch  to  make  100% 

^Hubbell,  Mendel  and  Wakeman  ('37). 

'  Kindly  furnished  by  Central  Soya  Co.,  Fort  Wayne,  Indiana. 

*  Kindly  furnished  by  General  Mills  Inc.,  Minneapolis,  Minnesota. 
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hardware  cloth  floors.    The  experimental  ration  and  water 
were  fed  ad  libitum. 

The  vitamin  carriers  were  prepared  from  strain  S  dried 
brewers'  yeast  ^  as  follows:   (1)  The  yeast  was  extracted  five 
times  with  95%  ethyl  alcohol  at  65^0.    (2)  The  alcohol  insol- 
uble  fraction  was   extracted  ten   times   with   boiling  HCl- 
acidulated  water  at  pH  4.    (3)  The  residue  was  not  treated 
further.    (4)  The  acidulated  aqueous  extract  from  2  was  con- 
centrated in  vacuo  and  fed  as  such  or  fractionated  in  the 
following    manner:     (A)    Alcohol-precipitate    and    filtrate- 
fraction:  these  fractions  were  prepared  by  adding  enough 
95%  ethyl  alcohol  to  obtain  maximum  precipitation  and  then 
separated  by   decantation.     (B)    Norite   and   fuller's   earth 
eluates :  these  fractions  were  prepared  by  treating  the  acidu- 
lated aqueous  extract,  after  being  concentrated  to  a  convenient 
volume,  with  norite  or  fuller's  earth  and  eluting  the  adsorbates 
with  0.2%  ammonium  hydroxide,  thus  forming  the  norite  or 

fuller's  earth  eluate. 

The  extracted  wheat  bran  was  prepared  as  follows:  (1) 
Washed  once  with  tap  water  at  60^C.  (2)  Washed  five  times 
with  0.1%  ammonium  hydroxide  at  60°C.  (3)  Washed  eight 
times  at  60°C.  with  HCl-acidulated  water  at  pH  4.  (4)  Washed 
with  cold  tap  water  until  free  of  acid  and  then  dried  in  a 
forced  draft  oven  at  80° C. 

Biotin  concentrate  I  was  prepared  from  liver  residue  ac- 
cording to  the  method  of  du  Vigneaud  et  al.  ('41),  and  biotm 
concentrate  II  (S.M.A.-200)  and  crystalline  biotin  methyl 
ester  were  purchased  from  a  commercial  concern.^ 

The  influence  of  riboflavin  on  dermatitis  and  perosis 
A  summary  of  results  obtained  by  feeding  varying  levels  of 
riboflavin  is  presented  in  table  2. 

Basal  ration  1  had  the  following  precentage  composition : 
simplified  basal  92  (tablel),  alcohol  precipitate  of  yeast  frac- 
tion 3,  feeding  cane  molasses  5,  and  nicotinic  acid  0.001.    Ihe 

» Kindly  furnished  by  Anheuser-Busch,  Inc,  St.  Louis,  Missouri. 
» S.M.A.  Corporation. 
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alcohol  precipitate  of  yeast  fraction  was  added  as  a  source 
of  unrecognized  vitamins  in  which  the  simplified  basal  ration 
was  likely  to  be  deficient.  The  feeding  cane  molasses  was 
added  as  a  source  of  pantothenic  acid.  The  complete  ration 
was  assayed  for  riboflavin  in  two  laboratories  by  the  fluoro- 
metric  method :  the  laboratory  of  the  Cooperative  G.  Ij.  F.  Ex- 
change, Inc.,  Buffalo,  N.  Y.  reported  155  Mg.  per  100  gm. ;  160 
Mg.  per  100  gm.  was  found  in  this  laboratory. 

TABLE  2 
Eifect  of  graded  levels  of  riboflavin  on  dermatitis  and  perosis. 

RESULTS  AT  4  WKS. 
NO.  OP  AUK 

SUPPLEMENT  TO  BASAL  RATION  1  ^  ^*'     „         ^„„„^ 

POULTS        DERMA-       pERQSIS 
TITIS 

Riboflavin 

None      16  87  25 

200Mg 12  92  50 

230Mg 17  76  53 

260Mg 16  7^  ^^ 

290  Mg 1^  '^2  ^^ 

320Mg 18  67  28 

350ag 15  67  67 

380  Mg 11  ^^  ^^ 

380  fig.  plus  10%  dried  brewers^  yeast 15  none         none 

» Riboflavin  expressed  as  micrograms  per  100  gm.  of  ration. 

Severe  dermatitis  and  perosis  occurred  frequently  by  the 
end  of  the  third  week  in  the  poults  of  all  groups  receiving 
varying  levels  of  riboflavin,  while  a  control  group  of  poults 
receiving  10%  dried  brewers'  yeast  developed  normally.  The 
dermatitis  involved  the  feet,  anus,  mouth,  eyes,  and  most 
proximal  portion  of  the  upper  beak.  The  accumulation  of 
exudate  and  the  severity  of  the  dermatitis  around  the  eyes 
and  mouth  may  have  been  aggravated  by  a  secondary  infection. 
In  many  instances,  when  the  poults  lived  long  enough,  the 
surface  of  the  skin  appeared  scaly  and  felt  like  parchment  and 
the  wings  became  rigid,  due  to  dermatitis  involving  the  skin 
of  this  area,  while  hemorrhagic  fissures  appeared  in  the  der- 
mis of  the  feet.   The  quantity  of  riboflavin  in  the  ration  did 
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not  appear  to  influence  the  time  of  onset  or  incidence  of  either 
dermatitis  or  perosis.  The  type  of  perosis  present  was  dis- 
similar to  that  observed  in  poults  receiving  rations  low  in 
choline  or  manganese.  The  legs  appeared  weak  and  although 
the  tendon  of  Achilles  seldom  slipped  permanently  from  its 
condyle,  the  outward  manifestation  was  a  wobbly  gait  and  a 
loose-joint  appearance  in  the  hock  joints.  The  poults  stood 
with  their  hocks  further  apart  than  normal  and  the  angle 
formed  by  the  tibia  and  metatarsus  was  increased  until  a 
*  peg-leg'  appearance  resulted. 

The  use  of  choline,  hiotin,  and  yeast  fractions  in  the 
study  of  dermatitis  and  perosis 

Following  the  experiments  which  showed  that  riboflavin  did 
not  influence  the  incidence  of  dermatitis,  the  work  was  ex- 
tended to  include  the  role  of  biotin,  choline  and  various  frac- 
tions of  yeast  in  turkey  nutrition.  These  results  as  related  to 
dermatitis  and  perosis  are  recorded  in  table  3. 

Poults  receiving  rations  adequate  in  biotin  but  inadequate 
in  any  fraction  of  the  aqueous  extract  of  yeast  or  in  riboflavin 
were  protected  from  dermatitis  but  not  from  perosis.    The 
alcohol-precipitate  fraction  when  fed  as  the  only  vitamin  con- 
centrate added  to  the  basal  ration  was  ineffective  in  the  pre- 
vention of  perosis  or  dermatitis.  A  combination  consisting  of 
a  biotin  concentrate  with  either  the  ammonium  hydroxide 
eluate  or  the  alcohol-precipitate  fraction  was  required  to  pro- 
tect the  poults  from  perosis.  A  ration  containing  30  parts  of 
untreated  fresh  egg  white  and  70  parts  of  a  practical  ration 
produced  perosis  and  dermatitis  in  poults.   The  incidence  of 
perosis  did  not  always  parallel  the  incidence  of  dermatitis  m 
poults  receiving  rations  deficient  in  biotin.   This  agrees  with 
the  report  of  Jukes  and  Bird  ( '42)  that  with  chicks  a  smaller 
intake  of  biotin  is  required  to  prevent  perosis  than  is  required 
to  prevent  dermatitis.  The  above  authors  reported  that  0.34  Mg. 
of  biotin  per  chick  per  day  was  enough  to  completely  protect  the 
chick  from  perosis  but  not  enough  for  protection  against  der- 
matitis   We  were  unable  to  show  that  inositol  either  increased 
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or  decreased  the  incidence  of  perosis ;  however,  choline,  when 
fed  at  a  level  of  0.2%  in  addition  to  10%  strain  G  dried 
brewers'  yeast*,  gave  complete  protection  from  perosis.   A 

TABLE   3 

Eifect  of  choline,  hiotin  and  yeast  fractions  on  dermatitis  and  perosis. 

RK8U1.TS  AT  4  WKJJ. 
NO.  OF  AGE    

SUPPLEMENT  TO  BASAL  RATION  2  »  ^^^LTS      DERMA-       p^^^gjg 

TITIS 

^  -^  ^  ^  % 

Strain  G  yeast 

Without  choUne    ^^  "  ^ 

Plus  0.05%   choline    ^^  0  88 

Plus  0.10%   choline    1^  0  80 

Plus  0.15%   choline    ^  ^  ^^ 

Plus  0.20%   choline    ^'^  ^ 

x>      1        1  ....  8         100  50 

^^«^^    ^^^y    30  0  68 

Yeast   residue    ^ 

Without  riboflavin   22  0  » 

Plus  aqueous  extract  of  yeast    26  0  0 

T  Q  A  0 

Plus  norite  eluate    ^°  J' 

Plus  norite  eluate  plus  inositol   17  0 

Plus  fuller  ^s  earth  eluate  1^  ^ 

Plus  inositol    16  ^  l^ 

Plus  1%  salt  mixture  no.  30   17  0  47 

Aqueous  extract  of  yeast   1^  ^^ 

^.   . .      TT  6  0  50 

B^otm  II    g^  ^^ 

Alcohol   precipitate    ^ 

PlusbiotinI   10  I               I 

Plus   biotin   II    1^  ^               ^ 

Plus  crystalline  biotin  methyl  ester  =    •  v 

Aqueous  extract  of  yeast  ^ 

Pl"«   biotin   I    11  - 

Plus  biotin   II    -^^  '^ 

.     ,       .•  .         10  0  0 

Practical   ration    _. ^^ 

Plus  30%  raw  egg  white ^^ 

*  Basal  ration  2  was  composed  of  the  simplified  basal  ration  (table  1)  plus  200 
^g.  Ca-pantothenate,  500  Mg.  riboflavin  and  200  mg.  choline  per  100  gm.  of  ration, 
unless  modified  as  indicated  in  the  body  of  the  table.  ,    ,  „  ,  ,,     « 

» Crystalline  biotin  methyl  ester  was  fed  by  pipette  at  a  level  of  2.5  ^g.  on  the  6, 
7,  8,  9,  10,  11,  12,  13,  14,  15,  18,  and  21  days  of  age. 

*  Kindly  furnished  by  Anheuser-Busch,  Inc.,  St.  Louis,  Missouri. 
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combination  of  choline,  biotin  and  a  factor  or  factors  which 
can  be  adsorbed  on  norite  or  fuller's  earth  and  eluted  with 
ammonium  hydroxide  appear  to  be  required  for  prevention  of 
perosis  in  turkey  poults. 

SUMMARY 

1.  Eiboflavin  did  not  influence  the  incidence  of  dermatitis 

in  turkey  poults. 

2.  Biotin  was  found  to  be  an  anti-perosis  and  an  anti- 
dermatitis  factor. 

3.  The  anti-perosis  property  of  choline  was  confirmed. 

4.  Inositol  did  not  influence  the  incidence  of  perosis. 

5.  One  or  more  factors  present  in  an  eluate  from  an  ad- 
sorbate  of  an  aqueous  extract  of  dried  brewers'  yeast 
possessed  anti-perosis  properties. 

6.  It  appears,  therefore,  that  at  least  three  organic  factors 
are  required  to  protect  the  poult  from  perosis,  namely,  choline, 
biotin  and  an  unrecognized  factor  or  factors  which  can  be 
adsorbed  on  fuller's  earth  or  norite  and  subsequently  eluted 
with  ammonium  hydroxide. 
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DIGEST 

A   ration    composed    of    yellow    corn,    low    protein 
tankage,  alfalfa,  and  salt,  which  is  adequate  for  pigs 
weighing  approximately  75  pounds,  was  found  to  be 
inadequate  for  weanling  pigs  weighing  about  30  pounds. 
Weanling  pigs  fed  this  ration  showed  various  gross 
symptoms  of  the  deficiency  including  growth  failure, 
lack  of  appetite,  lesions  of  the  skin,  rough  hair  coats, 
and  in  some  instances  vomiting,  scours,  and  stiffness. 
The  specific  factor  or  factors  lacking  in  this  ration 
are  not  known.  As  far  as  growth  was  concerned,  the 
deficiency  was  overcome  almost  completely  by  sup- 
plementing the  ration  with  vacuum  dried  liver.  There 
were  unexplained  death  losses  among  the  liver  fed  pigs, 
and   survivors,   although   they   grew   well,   sometimes 
were  lame  and  affected  with  dermatitis. 

The  supplementary  feeding  of  a  combination  of  pure 
B  complex  vitamins  was  virtually  ineffective  in  cor- 
recting the  deficiency  of  the  ration. 

The  ration  was  made  practically  complete  by  substi- 
tuting various  combinations  of  soybean  oil  meal  and 
alfalfa  leaf  meal  for  part  of  the  tankage,  and  by  in- 
cluding in  the  ration  various  combinations  of  soybean 
oil  meal,  carotene,  and  yeast. 

It  is  apparent  that  weanling  pigs  require  unidentified 
nutritional  factors  which  need  not  be  supplied  directly 
in  the  rations  of  older  and  heavier  pigs. 
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Nutritive  Requirements  of  Young  Pigs* 

R.  C.  Miller,  T.  B.  Keith,  W.  T.  S.  Thorp  and  M.  A.  McCARTYt 

LOSSES  OF  YOUNG  PIGS  by  death  present  a  serious  economic 
I  problem.  The  actual  extent  of  these  losses  is  unknown,  but 
only  60  per  cent  of  the  annual  pig  crop  reaches  the  market, 
according  to  estimates  (20).  It  is  indicated  that  the  mortality  of 
pigs  between  the  time  of  birth  and  weaning  is  at  least  30  per 
cent  (17,  18,  22),  and  it  is  known  that  further  losses  occur  after 
weaning.  The  losses  of  spring  pigs  seem  to  exceed  those  of  fall  pigs. 

Management,  infectious  disease,  and  nutrition  each  appear  to 
play  a  role  either  separately  or  together,  in  contributing  to  the 
well  being  of  the  nation's  swine  herd.  In  many  instances  it  may 
be  difficult  to  determine  the  exact  function  of  these  factors;  for 
instance,  whether  a  disorder  is  of  an  infectious  or  a  nutritional 
origin,  or  if  a  nutritional  deficiency  predisposes  infection.  In  any 
case  the  part  played  by  nutrition  cannot  be  arbitrarily  discounted 
if  all  of  the  facts  are  to  be  considered. 

In  recent  years  there  has  been  a  noteworthy  advance  in  the 
knowledge  of  the  nutritive  factors  required  by  the  pig.  A  require- 
ment for  adeq;uate  protein  of  good  quality  and  for  certain  mineral 
elements,  particularly  calcium  and  phosphorus,  is  now  presup- 
posed. The  need  for  adequate  supplies  of  vitamins  A  and  D  is  also 
now  recognized.  More  recent  evidence  (4,  8,9,10,11,12,16,  21,  23, 
24,  and  25)  now  shows  that  certain  members  of  the  vitamin  B 
complex  are  definitely  required  by  the  pig. 

While  there  is  a  need  for  further  work  to  establish  the  exact 
requirement  of  the  pig  for  certain  of  these  nutrients,  there  is 
also  much  to  be  gained  in  studying  how  well  the  pig's  nutritive 
requirements  may  be  satisfied  by  commonly  used  feedstuffs. 

Hogan  and  Johnson  (6  and  7)  reported  observations  on  the  in- 
adequacy of  concentrates  commonly  led  to  brood  sows.  The  feed- 
stuffs  used  were  corn,  tankage,  linseed  oil  meal,  alfalfa  meal, 
wheat  bran,  cod  liver  oil,  dried  buttermilk,  skim  milk,  and  mm- 
erals  The  weaning  weights  of  litters  were  subnormal  and  the 
mortality  rate,  40  per  cent,  was  excessively  high.  Abnormalities 
observed  in  the  surviving  pigs  were  skin  lesions,  muscular  mco- 
ordination  and  weakness,  diarrhea,  and  collapse.  On  post-mortem 
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examination  fatty  livers,  fatty  kidneys,  and  hemorrhagic  areas 
were  found.  It  was  concluded  that  the  concentrates  commonly 
used  in  swine  rations  were  partially  inadequate  as  the  sole  ration 
for  the  brood  sow. 

In  the  course  of  a  study  of  the  protein  requirements  of  pigs 
(14  and  15),  the  authors  found  that  in  many  instances  rations 
which  were  fully  adequate  for  50  to  75  pound  pigs  were  wholly 
inadequate  for  weanling  pigs  weighing  25  to  35  pounds.  In  addi- 
tion, frequently  among  groups  of  pigs  which  were  thriving  on  a 
particular  ration,  one  or  two  individuals  failed  to  grow  on  the 
same  ration. 

A  particular  instance  was  that  of  5  pigs  fed  a  ration  composed 
of  yellow  corn,  60.5  parts;  34  per  cent  protein  tankage,  35  parts; 
ground  alfalfa,  4  parts;  salt,  0.5  part;  and  manganese  sulfate,  0.02 
part.  This  ration  supported  the  growth  of  heavier  pigs  fairly  well 
in  previous  tests;  but  when  it  was  fed  to  a  group  of  weanling 
pigs,  two  failed  to  grow  at  a  normal  rate,  two  died,  and  another, 
while  it  survived,  did  not  grow  but  lost  5  pounds  during  98  days 
of  feeding.  This  pig  was  inactive,  had  spells  of  vomiting,  suffered 
almost  a  complete  loss  of  appetite  and  was  affected  with  a  mild 
dermatitis  with  lesions  of  the  tail,  legs,  lips,  and  face.  The  three 
surviving  pigs  were  given  50  milligrams  of  nicotinic  acid,  together 
with  riboflavin  and  pyridoxine  daily  after  the  first  49  days.  At 
one  time,  at  three  consecutive  3-day  intervals,  nicotinic  acid  was 
injected  hypodermically.  This  treatment  was  apparently  without 
effect,  since  two  of  the  pigs  died.  The  surviving  pig  was  then 


Fig  1  —This  pig  weighed  26  pounds  when  placed  on  experiment.  Ninety- 
eight  days  later,  when  the  picture  was  taken,  it  weighed  21  pounds. 
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Fig.  2.— The  same  pig  as  shown  in  figure  1,  weighed  74  pounds  105  days 
later  During  this  time  the  same  ration  as  was  fed  previously  was  supple- 
mented with  daily  feedings  of  vacuum  dried  liver. 

given  100  grams  of  vacuum  dried  pork  liver  daily.  During  the 
ensuing  63  days  this  pig  gained  53  pounds,  the  skin  lesions  dis- 
appeared, and  the  normal  color  and  gloss  of  the  skin  and  hair 
were  restored,  figs.  1  and  2.  Similar  observations  were  made  at 
the  same  time  with  seven  other  individuals. 

It  is  perhaps  not  surprising  that  this  ration  is  deficient  for 
weanling  pigs;  nevertheless  it  is  difficult  to  designate  its  deficien- 
cies. In  addition  to  growth  failure  the  most  noticeable  outward 
symptoms  shown  by  the  pigs  were  abnormal  skin  coat,  diarrhea, 
diminished  activity,  and  lack  of  appetite.  Other  abnormalities, 
less  frequently  noted,  were  muscular  inco-ordination  and  lame- 
ness, and  vomiting. 

EXPERIMENT  I 

Having  made  these  preliminary  observations,  an  experiment 
was  set  up  to  study  further  the  nature  of  the  deficiencies  involved 
in  rations  of  this  type  and  means  of  correcting  these  deficiencies 
by  the  use  of  common  feedstuffs.  The  rations  used  are  given  in 

table  1.  T  X  -u   4.  J 

Five  pigs  were  assigned  to  each  ration.  They  were  distributed 

equally,  among  the  various  groups,  with  respect  to  sex,   age, 

weight  and  breed,  and  were  fed  individually.  They  were  housed 

in  a  barn  with  a  concrete  floor,  which  provided  access  at  all  times 

to  outside  concrete  runways  and  whatever  sunlight  was  available. 
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Table  1.— Const ituenls  of  ralions  fed  groups  of  weanling  pigs  to  de- 
termine nutritive  requirements;  Experiment  I. 


Group  Nuiviber 


Feeds  Supplied 


8 


9 


per 
cent 

Yellow   Corn  60.5 

Soybean  oil  meal 

(expeller)  

Tankage  (34  per 

cent  protein)  35.0 
Ground  alfalfa 

hay  (sun  cured)  4.0 
Salt  0.5 

Vacuum  dried 

whole  beef 

liver  


per 
cent 


per 
cent 


per 
cent 


per 
cent 


per 
cent 


per 
cent 


per 
cent 


per 
cent 


60.5 

60.5 

60.5 

60.5 

60.5 

60.5 

60.5 

60.5 



10.0 

10.0 

10.0 

35.0 

35.0 

35.0 

35.0 

35.0 

25.0 

25.0 

25.0 

4.0 
0.5 

4.0 
0.5 

4.0 
0.5 

4.0 
0.5 

4.0 
0.5 

4.0 
0.5 

4.0 
0.5 

4.0 
0.5 

Dried  brewers' 
yeast 

Carotene 

Vitamin  B 

factors 


100  g. 
daily 
(d) 


(e) 

407 
daily 


(d) 


(b) 


(c) 


100  g. 
daily 


(a) 


(e) 
(d) 


100  g. 
daily 


407 
daily 


(a)   Nicotinic  acid  75  mg  daily 

Thiamin  chloride  5  mg  daily 

Riboflavin  2  mg  daily 

Calcium  pantothenate  10  mg  daily 

Pyridoxine  8  mg  daily 


(b)  Liver  extract  added  after  8  weeks 

(c)  Whole  vacuum  dried  beef  liver 
added  after  8  weeks 

(d)  Carotene  added  after  8  weeks 

(e)  Brewers*  yeast  added  after  8  weeks 


The  growth  curves  for  the  surviving  pigs  are  given  in  figure  3. 
Data  showing  the  losses  of  pigs  by  death  are  given  in  table  2. 

On  the  basal  ration,  the  results  with  groups  4  and  5  were  similar 
to  those  obtained  previously.  At  the  end  of  8  weeks  all  of  these 
pigs  were  emaciated  and  weak.  There  was  a  general  lack  of  appe- 
tite, some  vomiting  and  diarrhea,  and  a  mild  dermatitis. 

Histological  examinations  of  the  skins  of  pigs  similarly  affected 
with  dermatitis  were  made  on  sections  obtained  at  the  time  of 
post-mortem  examination.  On  sections  of  the  cutaneous  lesions 
a  diffuse  cellular  infiltration  of  the  cutis  was  observed.  In  the 
early  lesions  a  moderate  hyperkeratosis  was  observed  in  some 
areas.  In  the  areas  of  more  extensive  changes  and  hyperkeratosis, 
there  was  some  edema  of  the  cutis,  while  in  several  sections  there 
were  some  small  patchy  areas  of  edem.a  in  the  outer  portion  of 
the  cutis.  This  change  was  accompanied  by  a  few  hyperemic  and 
dilated  blood  vessels.  In  some  sections  small  superficial  epidermal 
abscesses  and  ulcerations  were  observed.  In  the  more  extensive 
areas  of  dermatitis  there  was  an  extensive  crusting  over  of  the 
surface,  fig.  4. 

After  eight  weeks  on  the  basal  ration  three  of  these  pigs  (group 
5,  table  1)  were  given  a  daily  supplement  of  100  grams  of  whole 
vacuum  dried  beef  liver,  and  the  remaining  two  (group  4)  were 
given  an  alcoholic  extract  of  the  same  liver.  There  was  an  im- 
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LB. 
100 


90 


60 


70 


60 


50 


I  BASAL 

2  BASAL 

3  BASAL 

4  BASAL 

5  BASAL 

6  BASAL 

7  BASAL 

8  BASAL 

9  BASAL 


RATON 

RATION 

RATION 

RATION: 

RA  TION- 

RATDN 

RA  TION 
RATION, 

RATION, 


AND    VEAST 
AND    CAROTENE 
AND  PURE  VITAMIN   B    FACTORS 
LIVER   EyTRACT  ADDED  AT 8  WEEKS 
'LIVER   ADDED  AT   8    WEEKS 
WITH    LIVER   FROM      THE    START 

AND    SOY  BEAN  OIL    MEAL 

SOY  BEAN   OIL   MEAL  AND   YEAST 

SOY  BEAN  OIL   MEAL  AND 

CAROTENE 


c  ' 
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YEAST 

LIVER 

LIVER    EXTRACT 
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Fig.  3. Growth  curves  of  surviving  pigs  fed  to  determine  nutritive  re- 
quirements; Experiment  I,  table  2. 

mediate  response  with  both  groups  which,  however,  was  more 
outstanding  for  the  group  fed  whole  liver.  The  latter  regained 
a  normal  condition  and  made  good  growth  throughout  the  re- 
mainder of  the  experiment.  The  recovery  of  the  pigs  fed  liver 
extract  was  limited,  but  their  growth  and  condition  was  improved 
to  some  extent. 

The  results  for  the  pigs  fed  the  basal  ration  plus  supplements 
of  dried  brewers'  yeast  (group  1),  carotene  (group  2),  and  vita- 
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Table  2.-Summary  of  death  loss,  clinical  symptoms,  and  ^o"  P^l^^V^ 
of  weanling  pigs  fed  to  determine  nutritive  requirements;  Experiment  I. 


Number      Number     Weeks  of 

OF  Pigs  of  Experiment 

Started  Pigs         in  Which 

Group  on  That  Death 

Number  Experiment      Died         Occurred 


Clinical  Symptoms 
and  Gross  Pathology 


3 


6 
15 


2 
3 


5 
5 


0 
2 


3 


15 

4 

4 
5 


11 


This  pig  died  suddenly.  No  gross  pathologi- 
cal changes  were  found  on  post-mortem 
examination. 

This  pig  was  killed  for  examination.  No 
gross  pathological  changes  were  found. 
Previous  to  death  this  pig  was  unable  to  rise 
to  its  feet  unless  assisted.  Its  gait  was  un- 
steady it  appeared  to  be  dizzy  and  walked 
with  the  head  twisted.  There  was  some 
swelling  and  inflammation  of  the  conjunc- 
tiva and  a  mild  dermatitis.  In  addition  to 
the  regular  feed  the  pig  had  been  given 
supplementary  choline. 

This  pig  had  some  swelling  over  the  shoul- 
ders with  resulting  stiffness.  This  condition 
cleared  up  when  the  pig  was  put  on  pas- 
ture but  death  occurred  after  the  pig  was 
again  placed  on  experimental  feed. 
There  was  inflammation  and  swelling  of 
the  conjunctiva  with  partial  impairment 
of  the  vision. 

No  gross  pathological  changes  were  found 
on  post-mortem  examination.  There  was  a 
dermatitis  in  the  ears  causing  them  to  be 
very  sensitive. 

No  gross  pathological  changes  were  found 
on  post-mortem  examination.  There  was 
mild  dermatitis. 

There  were  diffuse  subcutaneous  hemorr- 
hages on  the  loin  and  thigh.  There  were 
hemorrhages  on  the  liver,  spleen,  and  kid- 
ney which  were  accompanied  by  some 
scarring  and  grayish  white  mottling  of  the 
parenchyma. 

This  pig  suddenly  went  off  feed.  It  recov- 
ered its  appetite  when  placed  on  grass  but 
died  after  being  placed  on  experimental 
feed. 

This  pig  died  of  sub-acute  bronchopneu- 
monia. There  was  mild  dermatitis^ 


*  There  were  no  death  losses  in  groups  4,  5,  8,  and  9. 

min  B  factors  (group  3)  were  but  slightly  better  than  for  the 
pigs  on  the  basal  ration,  figs.  5  and  6.  They  showed  the  same 
gross  symptoms,  and  three  pigs  died  in  each  of  the  lots  fed  yeast 
and  the  B  factors,  respectively.  In  both  cases  two  pigs  died  in 
the  early  weeks  of  the  experiment  and  one  died  in  the  last 
week.  At  the  end  of  8  weeks  of  feeding,  carotene  was  added  as 
an  additional  supplement  for  the  yeast  and  vitamin  B  groups, 
and  yeast  was  given  to  the  group  receiving  carotene.  No  striking 
responses  were  obtained,  and  the  pigs  continued  to  grow  slowly. 
Groups  7,  8,  and  9  were  fed  the  basal  ration  modified  by  sub- 
stituting 10  per  cent  of  expeller  process  soybean  oil  meal  for  10 
per  cent  of  the  tankage.  In  addition  group  8  was  given  a  daily 
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Figure  4. —  ^, 

A. — Section  of  the  skin  showing  m^ 

a   small   superficial  ulcer-  ^^ 

ated  area. 


B. — Section  of  the  skin  showing 
an  early  cellular  infiltra- 
tion into  the  cutis  and  a 
small  abscess  next  to  a  hair 
follicle. 


C. — Section  of  the  skin  showing 
some  edema  of  the  cutis 
and  a  hyperkeratosis  on 
the  outer  surface. 
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Fig.  5.— A  Chester  White  barrow  after  being  fed  105  days  on  the  basal 
ration  with  40  gammas  of  beta  carotene  daily. 

supplement  of  brewers'  yeast  and  group  9  was  given  carotene. 
Judging  by  the  performance  of  the  pigs  of  group  7,  these  supple- 
ments were  effective  in  increasing  the  growth  and  improving  the 
condition  of  the  pigs.  There  was  no  mortality  in  groups  8  and  9 


Fig  6.— A  Berkshire  gilt  after  being  fed  105  days  on  the  basal  ration 
and  100  grams  of  yeast  daily. 
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Fig.  7.— A  Berkshire  barrow  after  being  fed  the  basal  ration  with  10 
parts  of  the  tankage  replaced  by  expeller  process  soybean  oil  meal  and  40 
gammas  of  beta  carotene  daily  for  105  days.  Its  coat  was  sleek  and  glossy, 
its  skin  was  oily  and  healthy,  and  the  animal  was  free  from  any  lameness. 


Fig.  8.— A  Chester  White  barrow  after  being  fed  the  same  ration  as  the 
pig  shown  in  figure  7.  The  pig  was  lame  and  a  dermatitis  was  present  on 
legs,  tail,  and  ears. 


10 
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while  two  pigs  of  group  7  died.  The  growth  of  the  pigs  fed  soy- 
bean oil  meal  and  carotene  was  the  best  of  any  in  the  experiment. 

The  pigs  receiving  10  per  cent  of  soybean  oil  meal  instead  of 
tankage  made  better  growth  than  the  pigs  fed  the  basal  ration 
alone  but  did  not  grow  as  well  as  the  pigs  receiving  soybean 
oil  meal  with  the  carotene  and  yeast  supplements.  At  the  end 
of  eight  weeks,  carotene  and  yeast  were  added  to  their  ration 
with  a  resulting  favorable  response. 

All  of  the  pigs  of  group  9  were  normal  with  respect  to  skin 
condition  and  gait  and  had  the  healthy  appearance  of  the  pig 
shown  in  figure  7,  except  the  one  in  figure  8.  This  pig  made  an 
average  daily  gain  of  0.7  pounds  but  had  a  moderate  dermatitis, 
and  ataxia  developed  at  about  105  days.  After  feeding  on  alfalfa 
pasture  for  three  weeks  the  ataxia  became  more  pronounced,  and 
within  a  short  time  the  animal  was  unable  to  walk,  fig.  9. 

One  pig  of  group  8  had  a  moderate  dermatitis  and  diarrhea  and 
became  slightly  lame  after  105  days  of  feeding. 

The  pigs  of  group  6  received  the  basal  ration  with  the  liver  sup- 
plement throughout  the  experiment.  During  the  first  five  weeks, 
three  of  these  pigs  died  as  the  result  of  internal  hemorrhages  the 
cause  of  which  was  undetermined.  The  growth  of  the  two  re- 
maining pigs  was  uniformly  good  and  was  of  the  same  order  as 
that  of  the  pigs  which  received  soybean  oil  meal  with  the  yeast 
and  carotene  supplement  (groups  7,  8,  and  9).  However,  at  the 
end  of  105  days  of  feeding  the  skins  of  both  pigs  were  dry  and 
scaly.  The  hair  coats  were  dull.  Both  pigs  eventually  became 
somewhat  lame  and  moved  with  difficulty,  figs.  10,  11,  and  12. 
The  lameness  did  not  become  severe;  however,  it  was  not  alle- 
viated when  these  pigs  were  placed  on  alfalfa  pasture  for  five 
weeks  at  the  end  of  the  regular  experimental  feeding  period. 


Fig.  9. — The  pig  shown  in  Fig.  8  after  a  subsequent  three  weeks  on  al- 
falfa pasture.  At  this  time  the  pig  could  not  stand.  Large  necrotic  areas 
were  present  on  hocks,  legs,  and  tail. 
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Fig.  10.— A  Poland  China  barrow  after  being  fed  105  days  on  the  basal 
mixture  with  100  grams  of  vacuum  dried  beef  liver  daily.  The  animal  was 
lame  and  a  slight  dermatosis  was  present  on  its  -legs. 

The  results  of  this  experiment  showed  that  vacuum  dried  whole 
beef  liver  apparently  contained  a  substance  or  substances  which 
were  deficient  in  the  basal  ration.  The  substitution  of  10  per  cent 
of  soybean  oil  meal  for  10  per  cent  of  the  tankage  in  the  basal 
ration  and  adding  supplemental  carotene  or  yeast  was  also  effec- 
tive in  overcoming  the  deficiency. 


Fid  11.— Two  pigs  after  84  days  of  feeding.  The  smaller  pig  was  fed  the 
ba^^Vatlon  an740'gammas  of  b^eta  carotene  ^/^^J  .'^^^^^^^^^^^ 
the  basal  ration  and  100  grams  of  vacuum  dried  ^eef  liver  daily  .The  larger 
pig  had  made  normal  growth,  but  later  became  lame  and  had  a  slight 
dermatitis. 
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Fig.  12. — The  Chester  White  gilt  shown  in  figure  11  after  being  fed  for 
105  days  on  the  basal  mixture  plus  100  grams  of  vacuum  dried  beef  liver. 
The  pig  was  slightly  lame  and  had  a  dermatitis. 


EXPERIMENT  II 

Subsequently  another  experiment  was  planned  in  which  vari- 
ous combinations  of  soybean  oil  meal  and  dehydrated  alfalfa  meal 
were  used  in  modifying  the  original  basal  ration,  table  3,  fig.  13. 

Table  3. — Constituents  of  rations  fed  groups  of  weanling  pigs  to  de- 
dermine  nutritive  requirements;  Experiment  II. 


Group 

Number 

Feeds  Supplied 

1 

2 

3 

4 

5 

6 

7 

8 

per 

per 

per 

per 

per 

per 

per 

per 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Yellow  Corn 

54.3 

54.3 

54.3 

65.3 

78.3 

78.3 

59.3 

59.3 

Tankage 

(34  per  cent  protein) 

15.0 

15.0 

15.0 

30.0 

20.0 

20.0 

Tankage 

^ 

(60  per  cent  protein) 

17.0 

17.0 

Soybean  oil  meal 

(expeller) 

20.0 

20.0 

10.0 

10.0 

Soybean  oil  meal 

(solvent) 

20.0 

— — 

Alfalfa  leaf  meal* 

10.0 

10.0 

10.0 



10.0 

10.0 

Alfalfa  hay 

4.0 

4.0 

4.0 

Salt  (NaCl) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Manganese  sulfate 

(MnSOJ 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

Dried  brewers'  yeast 

-f 

4- 

•  The  alfalfa  leaf  meal  was  donated  by  the  Denver  Alfalfa  Milling  and  Products 
Company. 
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Fig.  13.— Growth  curves  of  pigs  fed  to  determine  nutritive  requirements; 
Experiment  II,  table  4. 


14  Pennsylvania  Agricultural  Experiment  Station 


*  ■^■^timim' 


Fig.  14.— A  Chester  White  sow  from  group  1,  after  being  fed  for  77 
days.  The  animal  was  normal  in  every  respect. 

In  groups  1  and  2,  twenty  per  cent  of  expeller  process  soybean 
oilmeal  was  used  to  replace  an  equal  amount  of  the  tankage  of 
the  basal  ration  used  in  Experiment  I,  and  10  per  cent  of  dehy- 
drated alfalfa  leaf  meal  was  used  instead  of  4  per  cent  of  sun-cured 
alfalfa  hay.  This  combination  appeared  to  give  excellent  growth, 
fig.  14,  which  in  11  weeks  was  equal  to  that  of  the  best  rations  in 
Experiment  I  when  pigs  were  fed  for  15  weeks.  Group  2  received 
a  supplement  of  100  grams  of  dried  brewers'  yeast  daily  which 
appeared  to  supplement  the  ration  to  some  extent,  the  growth  of 
the  pigs  of  group  1  not  being  quite  equal  to  that  of  the  pigs  of 
group  2,  which  received  the  yeast. 

Rations  fed  groups  7  and  8  contained  only  10  per  cent  of  ex- 
peller soybean  oil  meal  instead  of  10  per  cent  of  the  tankage,  and 
10  per  cent  of  dehydrated  alfalfa  leaf  meal  as  in  rations  fed 
groups  1  and  2.  Yeast  was  given,  in  addition,  to  the  pigs  of  group 
8,  and  the  resulting  growth  was  about  the  same  as  of  groups  1 
and  2.  Without  yeast  (group  7)  growth  was  slightly  less. 

The  ration  fed  group  3  contained  20  per  cent  of  solvent  process 
soybean  oil  meal  instead  of  the  expeller  process  meal.  The  re- 
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Table  4. — Gains,  feed  consumption,  and  economy  of  gains  of  pigs  fed  to 
determine  nutritive  requirements;  Experiment  II. 


Group 

Average  Daily 

Average  Daily 

Feed  per  100 

Number 

Gain 

Feed 

Pounds  Gain 

pounds 

pounds 

pounds 

2 

0.86 

2.48 

249 

8 

0.84 

2.26 

265 

1 

0.78 

1.99 

287 

7 

0.65 

1.82 

294 

3 

0.65 

1.87 

292 

6 

0.50 

1.63 

302 

suiting  growth  v^ith  the  solvent  meal  v^as  of  a  lower  order  than 
on  the  expeller  meal;  nevertheless  the  solvent  meal  ration  ap- 
peared not  to  be  grossly  deficient. 

The  rations  fed  groups  5  and  6  were  designed  to  be  similar  to 
the  basal  ration  used  in  Experiment  II  except  for  the  source  of 
tankage,  60  per  cent  protein  digester  tankage  being  used  in  Ex- 
periment II  instead  of  low  protein  tankage.  Weanling  pigs  were 
able  to  grow  slowly  on  this  ration  (group  6) ,  but  the  growth  was 
not  so  good  as  on  the  rations  containing  the  combination  of  soy- 
bean oil  meal  and  low  protein  tankage.  When  pigs  with  an  initial 
weight  of  55  pounds  were  fed  this  ration  (group  5) ,  the  resulting 
growth  was  comparable  to  that  obtained  with  the  soybean  oil 
meal  rations  and  was  much  better  than  that  of  the  Digs  having 
an  initial  weight  of  49  pounds  which  were  fed  the  ration  con- 
taining low  protein  tankage  (group  4).  In  view  of  the  authors' 
past  work  with  the  protein  requirements  of  pigs  (14  and  15)  it  is 
not  felt  that  the  different  results  obtained  on  low  protein  tankage 
and  60  per  cent  protein  tankage  can  be  explained  on  the  basis  of 
the  quality  or  quantity  of  the  protein  in  these  products. 

discussion 

It  is  of  particular  interest  that  the  results  of  these  experiments 
show  that  the  deficiencies  of  the  ration  composed  of  corn,  low 
protein  tankage,  alfalfa,  and  salt  may  be  corrected  by  combina- 
tions of  soybean  oil  meal,  carotene,  and  yeast  as  well  as  by  liver. 
The  slightly  more  favorable  effect  of  20  per  cent  over  10  per  cent 
of  soybean  oil  meal  is  shown  in  Experiment  II.  At  the  higher 
level  of  soybean  oil  meal  feeding,  the  supplemental  effect  of  yeast 
is  not  shown.  In  Experiment  II  the  inclusion  of  10  per  cent  of 
dehydrated  alfalfa  leaf  meal  undoubtedly  supplied  additional 
carotene  which  may  have  been  lacking  in  some  of  the  rations  in 
Experiment  I.  Carotene  apparently  was  not  the  only  essential 
lacking  in  these  rations;  however,  with  at  least  60  per  cent  of 
yellow  corn  in  all  of  the  rations  it  is  surprising  that  carotene  is 
involved  in  the  deficiency  of  these  rations. 
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The  results  obtained  with  the  60  per  cent  protein  digester  tank- 
age in  Experiment  II  are  of  interest,  since  they  show  that  for  the 
young  pig  this  product  is  superior  to  low  protein  tankage,  al- 
though the  ration  in  which  60  per  cent  tankage  was  used  is  still 
not  complete. 

There  is  only  one  comparison,  in  these  experiments,  of  solvent 
with  expeller  process  soybean  oil  meal.  The  results  for  the  most 
part  are  similar,  but  the  solvent  meal  does  not  appear  to  be  quite 
so  good  as  the  expeller  product. 

The  gross  symptoms  shown  by  the  deficient  pigs  in  these  ex- 
periments are  somewhat  similar  to  those  given  by  Davis,  Free- 
man, and  Madsen  (2)  for  pigs  affected  with  necrotic  enteritis. 
A  further  point  of  similarity  to  the  results  obtained  by  these 
workers  is  the  excellent  response  to  liver  feeding.  It  has  not 
appeared  to  the  authors,  however,  that  necrotic  enteritis  has 
been  a  factor  in  the  present  experiments.  Furthermore,  the  feed- 
ing of  nicotinic  acid  and  of  yeast  were  without  favorable  influence 
for  the  most  part.  However,  liver  feeding  was  always  beneficial 
in  restoring  the  growth  and  improving  the  condition  of  the  pigs. 

Breed  (1)  differentiates  between  infectious  swine  enteritis  and 
nutritional  enteritis.  He  states  that  the  latter  type  of  enteritis 
may  develop  as  a  result  of  the  dietary  lack  of  the  specific  vita- 
mins, or  as  the  result  of  impairment  of  the  ability  of  the  pig  to 
assimilate  and  utilize  the  vitamin  when  it  is  present  in  the  feed. 
This  is  due,  he  believes,  to  a  pathological  condition  existing  in 
the  intestinal  tract. 

A  further  factor  influencing  the  occurrence  of  dietary  deficien- 
cies is  suggested  by  some  of  the  results  of  these  experiments,  and 
by  observations  of  numerous  other  cases  made  by  the  authors. 
An  intrinsic  factor  is  suggested  which  has  to  do  with  the  quantity 
of  food  eaten  by  the  individual.  With  certain  rations  which  have 
been  fully  adequate  for  practically  all  individuals,  nutritive  fail- 
ure has  occurred  with  a  few.  When  this  type  of  failure  occurs  it 
is  invariably  found  that  the  food  consumption  of  the  affected  pig 
is  lower  than  normal.  In  each  instance  it  has  not  only  been  a 
question  of  a  decrease  in  food  consumption,  but  rather  it  is  a  case 
of  the  pig  never  consuming  enough  nutrients  to  permit  normal 
development.  Resulting  growth  is  poor  and  the  resistance  of  the 
animal  is  lowered.  A  change  in  the  regime,  supplying  nutritive 
elements  which  are  lacking,  or  stimulating  to  the  appetite,  re- 
sults in  a  resumption  of  growth,  in  many  instances,  on  the  same 
ration. 

The  results  obtained  by  feeding  liver  also  suggest  a  similarity 
to  the  findings  of  Dunlop  (3),  who  suggested  that  liver  contains 
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large  amounts  of  physin,  an  appetite-stimulating,  growth  pro- 
moting factor  which  is  effective  for  pigs  as  well  as  for  laboratory 
animals. 

There  have  been  a  number  of  reports  of  the  beneficial  effects 
of  feeding  liver  to  pigs.  Wintrobe,  Miller  and  Lisco  (25),  and  Ellis 
and  Madsen  (4),  reported  that  liver  is  very  effective  in  affording 
protection  to  pigs  against  a  disorder  characterized  by  degenera- 
tion in  the  nervous  system  and  manifested  by  inco-ordination  in 
the  use  of  the  legs. 

Johnson  and  Palmer  (13)  also  noted  the  beneficial  effects  of 
feeding  liver,  although  they  differentiated  between  a  "so-called" 
growth  factor  and  an  appetite  factor  and  attributed  the  increased 
growth  obtained  with  rats  fed  various  kinds  of  liver  to  appetite 
stimulation. 

It  is  apparent  that  liver  may  contain  some  factor  or  factors  as 
yet  unidentified.  Shaffer,  McKibbin,  and  Elvehjem  (19)  have  re- 
ported that  there  is  present  in  liver  extract  a  factor  required  by 
dogs  which,  with  the  possible  exception  of  biotin,  is  not  one  of 
the  currently  recognized  members  of  the  vitamin  B  complex. 
In  the  absence  of  this  factor,  growth  is  usually  arrested  and 
anorexia  and  loss  of  weight  occur. 

A  summary  of  the  gains,  food  consumption  and  economy  of 
gain  for  pigs  on  Experiment  II  are  given  in  table  4.  There  is  a 
direct  correlation  between  the  gains  and  the  feed  intakes.  It  is 
shown  further  that  those  rations  producing  the  best  growth  were 
the  most  economical  with  respect  to  the  amount  of  feed  required 
per  100  pounds  of  gain.  The  feed  intakes  in  this  experiment  were 
not  restricted  except  by  the  choice  of  the  pigs,  due  presumably 
to  the  inadequacies  of  some  of  the  rations.  The  resulting  amounts 
of  feed  required  per  100  pounds  of  gain,  therefore,  reflect  the 
completeness  of  the  rations.  According  to  Ellis  and  Zeller  (5) 
restricting  the  feed  allowance,  on  presumably  adequate  rations, 
generally  decreases  the  quantity  of  feed  required  to  produce  a 
unit  of  gain.  The  results  obtained  in  the  present  experiments 
indicate  that  with  the  increased  food  intake  obtained  on  the  more 
adequate  rations,  less  feed  is  required  per  unit  of  gain.  Thus  the 
economy  of  gain  also  reflects  the  completeness  of  the  ration. 
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The  Influence  of  Date  of  Sampling  on  the  Value  of 

Leaf  Weights  and  Chemical  Analyses  in  Nutrition 

Experiments  with  Apple  Trees^ 

By  Donald  E.  H.  Frear  and  R.  D.  Anthony,  Pennsylvania 
Agricultural  Experiment  Station,  State  College,  Pa. 

THE  nutritional  experiment  with  apple  trees  grown  in  metal  cylin- 
ders recently  completed  at  this  station  afforded  a  unique  oppor- 
tunity to  study  the  interrelationships  between  chemical  analyses  of 
portions  of  the  trees,  physical  measurements  of  the  same  trees,  and 
their  fertilizer  treatment.  The  detailed  reports  of  this  experiment  have 
been  prepared,  and  will  be  published  shortly.  It  is  the  purpose  of  this 
paper  to  present  a  study  of  the  time  of  leaf  sampling  and  its  relation 
to  the  physical  and  chemical  measurements  made  on  these  leaves, 
specifically  the  leaf  weights  and  the  nitrogen  analyses  of  the  leaves. 

Experimental  Plan 

Trees  and  Treatments:— The  trees  used  in  this  experiment  were 
of  the  Stayman  Winesap  variety,  budded  on  Mailing  XII  stock.  Metal 
cylinders,  5  feet  in  diameter  and  5^  feet  deep,  were  set  into  the  ground 
so  that  the  upper  edge  extended  approximately  6  inches  above  the 
surface  of  the  surrounding  earth.  The  bottoms  of  the  cylinders  were 
closed  with  concrete,  allowing  a  drainage  opening  in  the  center,  and 
were  filled  with  Hagerstown  silty  clay  soil  dug  and  placed  in  the 
cylinders  in  three  layers:  surface  0  to  9  inches,  subsurface  9  to  18 
inches,  and  subsoil  18  to  48  inches.  Forty-two  of  these  cylinders  were 
arranged  in  six  rows  of  seven  columns  each,  and  one  tree  was  planted 
in  each  cylinder  in  the  spring  of  1928.  During  1928  and  1929  all  of 
the  trees  received  a  uniform  treatment  of  adequate  amounts  of  nitrogen, 
phosphorus  and  potassium. 

Beginning  with  the  growing  season  of  1930,  differential  treatments 
were  applied.  For  convenience  the  rows  were  designated  by  letters, 
the  columns  by  figures.  Row  A  received  no  inorganic  nitrogenous  ferti- 
lizer •  row  B,  one  unit ;  row  C,  two  units,  and  so  on,  row  F  (the  last) 
receiving  five  units  of  nitrogen.  During  subsequent  years  the  amounts 
and  chemical  nature  of  the  nitrogenous  fertilizers  applied  were  varied, 
but  the  relations  between  the  rows  was  not.  The  columns,  running  from 
1  to  7,  received  increasing  amounts  of  green  manure  applications, 
column  1,  none;  column  2,  one  unit;  column  3  two  units,  and  so  on, 
through  column  7,  which  received  six  units  of  green  manure.  Thus 
each  of  the  42  trees  in  the  experiment  received  a  different  treatment 
ranging  from  tree  A-1  which  received  neither  nitrogen  nor  green 
manure  through  tree  F-7  which  received  f^ve  units  of  nitrogenous 
fertilizer  and  six  units  of  green  manure.  Each  tree  in  the  experiment 
received  uniform  amounts  of  potassium  and  phosphorus  in  the  form 

^Authorized  for  publication  on  January  29,  1943  as  .P^Pf  ^o    1163  in  the 
Journal  Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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Sampling  :-Seyev^\  times  du"ng  e^^^  grow    g       ^  ^^  ^^^^ 

through  1938  leaf  samples  were  taken  trom  a  p  ^^.^^^  ^^ 

terminal  growth,  No  --f^^an  ^.^^^^^^^^^^  taken  from  a 

any  given  samphng,  ^f '"  T^'^^JmXs  were  taken,  the  first  durmg 

number  of  leaves  taken  are  given  in  Table  i. 

TABLE  I-Dates  of  Sampling  and  Number  of  Leaves  Taken 


Year 


Date 


1932 

1932... 

1932... 

1932... 

1923... 

1933... 

1933... 

1933... 

1934... 

1934... 

1934... 

1934... 

1934... 

1935.. 

1935.. 

1935.. 

1935.. 

1936.. 

1936.. 

1936.. 

1936.. 

1937 . . 

1937.. 

1937.. 

1937.. 
1938. 
1938 
1938 


May  18 
June  17 
August  2 
September  22 
June  29 
August  3 
September  1 
October  3 
June  4 
July  6 
August  2 

August  31 

October  17 

May  27 

Julys 

August  23 

October  3 

June  4 

July  8 

August  24 

October  2 

June  8 

July  13 

August  24 
October  6 
June  15 
August  18 
September  26 


Number  of  Leaves 


36 
25 
20 
20 
20 
15 
15 
15 
20 
20 
20 
15 
15 
80* 
100* 
30 
30 
100* 
100* 
30 
40 
100 
80* 
30 
80 
100* 
100* 

loot 


^^^^--------^— ^^  an  leaves  removed  for  analys.s. 

Thrir^llWSJj^^^^^^^^^         .„e  removed  from  soil.  Two  samples-spur  leaves  as 
weirarttrnS^.e'avls--«  cXcfe'd  at  this  time. 

The  leaves  were  taken  to  the  ^^^^^^i::^ :;S:  ^^^ 

and  were  weighed  after  --^"^^^^tlo^J  P^^^^^^^^       Lil  thoroughly  dry, 
in  an  air  oven  at  approximately  80  degrees  ^  ^.^^  ^^       ^ 

analysis. 

Experimental  Results 

*ii;sSS:^Tea\t:;"Mor=  couplet.  WormaBon  o„  «h„ 


FREAR  AND  ANTHONY  :  DATE  OF  SAMPLING 


117 


^s/ 


lrv/-V 


•+ 


:k 


y^\''\  J>.  A—- V    "<"■  '-^     ^ , 


\J^ 


•   -A' 


o.aor 


0.40 


fAteK!^^^ 


A 


r^^ 


<xx 


1933 


2  345  67  123^56^  •?34iv7  1234  367  I  2345  6^.  .Ji^io 


f^:> 


1934 


I2  34  567i2  34  567i2  34  567l234567ii34  567l2  34  56 
A        B        C        0        E        r 


»r 


/^!^^6    /^'^'-  ^ 


VVxFvfVY 


/■^A 

v 


/ 


•  o.eor 


OAO 


I  2 


■3.36!■23456^.345e^.345e!■.343^■M.34.0^     —,234.67.234567,234567,234567.234567,234567 


2  34  56712  34  567  12  34  56 
A  B  C 


f,a,«>»).^i-»i..J4.0!  2345^7.  a345.n.J45.7.3M5.-.J3| 


Fig.  1.  Air-dry  leaf  weights  for  all  samples  taken,  1933  to  1938,  inclusive. 

phases  of  the  experiment  may  be  found  in  the  detailed  reports  presented 

''T^We^f^s-^l^-'iry  leaf  weights  for  all  of  the  samples  taken 
during  the  years  1933  to  1938  inclusive  are  given  in  Fig.  1.  In  each 
of   he'charts  in  this  figure  the  sohd  line  represents  tj^  ^^t  frnphng 
the  short  dotted  line  the  second,  the  long  dotted  line  the  third,  and  the 
^Response  of  Stayman  apple  trees  in  metal  cylinders  to  varying  amounts  of 

physical   condition  of   the   soil.   Anthony,   R.   D.,   tagan,   h.   jn.,   ana 

^■pfrt  n'  Chemical  studies  on  the  nitrogenous  metaboHsm.  Frear,  D   E.  H. 
Par       i.  Chemical  studies  on  the  phosphorus  metabo  ,sm.  Frear,  D.  E  H^ 
Part  IV.  Chemical  studies  on  the  potassium  metabohsm.  Frear,  U.  t.  H. 
Part  V.  Soil  studies.  Richer,  A.  C,  and  White,  J.  W. 
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alternately  long  and  short  dotted  line  the  fourth  sampling.  In  1934  a 
fifth  sample  was  taken,  represented  by  a  lighter  solid  line. 

Leaf  Nitrogen: — For  comparison  with  the  leaf  weight  data  the 
amounts  of  nitrogen  present  in  the  leaf  samples  are  presented  in  Figs. 
2  and  3.  In  Fig.  2  the  amounts  of  nitrogen  are  expressed  as  percent- 
ages of  the  air-dry  leaf  weights;  while  in  Fig.  3  the  amounts  are 
expressed  as  milligrams  of  the  element  per  leaf. 
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Fig.  2.  Amounts  of  nitrogen  (as 
percentages)  in  leaf  samples, 
1933  to  1938,  inclusive. 
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Fig.  3.  Amounts  of  nitrogen  (as 
milligrams  per  leaf)  in  leaf 
samples,  1933  to  1938,  inclu- 


sive. 


Discussion 

An  examination  of  Fig.  1  shows  that,  starting  with  1934,  in  certain 
sample  series  the  leaf  weights  reflected  the  nitrogen  applications;  that 
is,  the  trees  receiving  no  nitrogen  (row  A)  had  lower  leaf  weights 
than  the  other  rows.  During  the  subsequent  years  this  relationship 
became  more  pronounced,  so  that  by  1938  there  was  a  gradual,  although 
somewhat  irregular  increase  in  leaf  weights  from  row  A  (no  nitrogen) 
through  row  E  (four  units  of  nitrogen).  It  is  apparent  from  an  exami- 
nation of  this  figure  that  the  first  samples  taken  in  each  year  did  not 
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most  yeaf s  the'^average  leaf  weight  for  the  fourth  samphng  was  less 
than  at  the  time  of  the  third  sampling.  . 

Sfitls^^a^p^^^ 

The  grtn  manure  a'ppHcations  did,  ,h7--vir™X^e  e 
amounts  of  nitrogen  so  that  from  tree  A-1  to  A-7,  for  example,  tiiere 
was  a  slight   but  regular  increase  in  nitrogen  applications, 
"line    tt  'average'air-dry  leaf  weights  are  -l^tSlt'-J.^Sn 
and  the  chemical  analyses  considerably  more  difficu  t.  the  question 

:ro  Whether  the  leaf  heights  reflect  the  f -gf"  .^PPS^^s" 

as  the  nitroeen  analyses  naturally  presented  itself.  Further    since  it 

wasobviius^that  there  was  considerable  variation  between  the  results 

Tecired  on  the  different  sampling  dates,  it  was  of  conside-ble  ^ 

tance  to  know  at  what  period  of  the  growing  ^X"  ^he  gjea^^^^^^^ 

of  correlation  between  nitrogen  applications  and  the  two    jardsticKs 

^^'rans^r^s:  ;uSSns.  correlation  coefficients  -re  cal.,ated 
first  between  nitrogen  applications  and  the  average  air-dry  leaf  u  eights 
for  each  corresponding  tree,  and  secondly,  ^etween  nitrogen  apph 
cations  and  leaf  nitrogen  analyses  expressed  as  milligrams  ot  tne 
^t ment  ner  leaf    For  each  vear  the  amounts  of  nitrogen  app  led  up 
^S  yea    wfre  u^^l  to  correlate  with  the  leaf  weights  or  mtrogen 

data,  for  example,  the  leaf  weights  and  '^t"'  [S^'^igg   ,.  d    o 
correlated  with  the  amounts  of  nitrogen  applied  through  19.50.  ana  so 

TARTF     TT_C0RRF1  ATION     COEFFICIENTS     BETWEEN     GrAMS     OF     NlTROCEN 

^Ippufd  AND  (A    'AvrACE  Air-Drv  Leaf  Weights;  (B)  Muxigrams 
^'^  OF  Nitrogen  per  Leaf  on  Various  Sampling  Dates 
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Year 


First 
Sampling* 


Second 
Sampling* 


Third 
Sampling* 


Fourth 
Sampling* 


Fifth 
Sampling* 


1933 
1934 
1935 
1936 
1937 
1938 


1933 
1934 
1935 
1936 
1937 
1938 


0.608  ±0.066 
0.566  ±0.071 
0.644  ±0.061 
0.291  ±0.095 
0.225  ±0.099 
0.885  ±0.022 


A — Average  Air 

0.210  ±0.099 
0.580  ±0.069 
0.777  ±0.041 
0.575  ±0.070 
0.306  ±0.094 
0.885  ±0.022 


■  Dry  Leaf  Weights 

0.190  ±0.100 
0.566  ±0.071 
0.779  ±0.041 
0.854  ±0.028 
0.721  ±0.050 
0.702  ±0.053t 


0.443  ±0.084 
0.607  ±0.066 
0.822  ±0.034 
0.716  ±0.051 
0.717  ±0.051 
0.767  ±0.043t 


0.671  ±0.0.57 


0.833 
0.645 
0.747 
0.807 
0.838 
0.939 


±0.032 
±0.061 
±0.046 
±0.036 
±0.031 
±0.012 


B — Milligrams 

0.648  ±0.060 
0.638  ±0.062 
0.797  ±0.038 
0.832  ±0.032 
0.688  ±0.055 
0.930  ±0.014 


of  Nitrogen  Per 

0.643  ±0.061 
0.595  ±0.067 
0.874  ±0.024 
0.871  ±0.025 
0.863  ±0.026 
0.827  ±0.033t 


Leaf 

0.652  ±0.060 
0.666  ±0.058 
0.890  ±0.022 
0.826  ±0.033 
0.916±0.016 
0.933  ±0.013t 


0.676  ±0.056 


♦See  Table  I  for  sampling  dates. 
tTerminal  leaves.  September  26. 
iSpur  leaves,  September  26. 


on.    The   correlation   coefficients   thus   calculated   are    presented    in 
Table  II. 

From  Table  II  it  appears  that  there  is  considerable  variation  in  the 
degree  of  correlation  between  air-dry  leaf  weights  and  nitrogen  appli- 
cations, particularly  in  the  first  sampling.  This  confirms  the  obser- 
vations made  previously  from  a  casual  examination  of  the  data  in 
Fig.  1.  The  data  further  indicate  that  in  general  the  highest  degree 
•of  correlation  appears  to  result  when  samples  are  taken  from  late 
August  to  early  October  (third  or  fourth  samplings).  Excluding  the 
results  for  the  first  year  (1933),  the  correlation  coefficients  for  the 
last  two  sampling  periods  in  all  years  were  highly^  significant,  ranging 
from  0.566  to  0.854. 

The  correlation  between  leaf  nitrogen  and  nitrogen  applications  is 
in  general  considerably  higher  than  those  mentioned  in  the  preceding 
paragraph  between  leaf  weights  and  nitrogen  applications,  and  much 
more  consistent,  both  from  year  to  year  and  from  month  to  month. 
The  figures  presented  in  the  second  half  of  Table  II  indicate  that  the 
nitrogen  analyses  of  leaves  taken  in  any  of  the  four  samplings  gave 
a  reasonably  accurate  reflection  of  the  nitrogen  applications,  although 
there  was  a  slightly  higher  degree  of  correlation  late  in  the  season. 

Excluding  the  data  for  the  first  year  ( 1933)  which  were  inconclusive, 
it  may  be  said  that  the  degree  of  correlation  between  air-dry  leaf 
weights  and  nitrogen  applications  in  these  trees  was  highly  significant, 
provided  the  samples  were  taken  during  the  late  summer,  from  late 
Augi;st  to  early  October.  Thus  it  may  be  possible  for  a  worker  not 
equipped  to  make  chemical  analyses  to  secure  through  measurements 
of  air-dry  leaf  weights  a  fairly  accurate  picture  of  the  nitrogen  nutrition 
of  apple  trees.  The  chemical  analyses  of  the  leaves,  however,  appears 
to  furnish  a  more  consistently  reliable  reflection  of  nitrogen  ferti- 
lization. 

Conclusions 

A  statistical  study  of  1050  apple  leaf  samples  taken  from  42  trees 
in  the  period  between  their  sixth  and  eleventh  years,  fertilized  with 
increasing  amounts  of  nitrogen  under  closely  controlled  conditions 
gave  the  following  results : 

1.  Nitrogen  analyses  of  the  leaves  consistently  reflected  the  fertilizer 
nitrogen  applications,  the  coefficients  of  correlation  ranging  from 
0.595  ±:  0.067  to  0.939  ±  0.012. 

2.  Air-dry  leaf  weights  exhibited  an  irregular  but  usually  high 
degree  of  correlation  with  fertilizer  nitrogen  applications,  the  co- 
efficients of  correlation  ranging  from  0.190  ±  0.100  to  0.885  ±  0.022. 

3.  The  results  obtained  during  the  first  year  of  this  study  were 
irregular,  but  during  the  subsequent  years  the  air-dry  leaf  weights 
correlated  best  with  fertilizer  nitrogen  applications  late  in  the  growing 
season,  from  late  August  to  early  October,  at  which  time  r  varied 
from  0.566  to  0.854. 

4.  Leaf  nitrogen  analyses  showed  a  rather  consistent  degree  of 
correlation  with  fertilizer  nitrogen  applications  throughout  the  grow- 
ing season,  with  a  slightly  higher  degree  of  correlation  late  in  the 
summer.  The  coefficients  of  correlation  varied  from  0.595  to  0.939, 
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and  were  higher  than  those  found  between  air-dry  leaf  weights  and 

"1'¥L?;wifn"  apparent  relation  between  green  manure  appli- 
cations and  either  air-dry  leaf  weights  or  leaf  nitrogen  analyses. 


Reprinted  from  Thb  Journal  op  Nutrition 
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THE  INFLUENCE  OF  THE  THIAMINE  INTAKE  OF 

THE  PIG  ON  THE  THIAMINE  CONTENT  OF  PORK 

WITH  OBSERVATIONS  ON  THE  RIBOFLAVIN 

CONTENT  OF  PORK  ^ 


R.  C.  MILLER,  J.  W.  PENCE,  R.  A.  BUTCHER,  P.  T.  ZIEGLER 

AND  M.  A.  Mccarty 

Department  of  Agricultural  and  Biological  Chemistry,  and  Department  of  Animal 

Husbandry,  Pennsylvania  State  College 

(Received  for  publication  March  13,  1943) 

It  is  well-established  that  pork  is  an  outstanding  source  of 
thiamine.  A  survey  of  the  literature  reveals,  however,  that 
there  is  considerable  variation  in  the  thiamine  values  which 
have  been  reported  for  pork.  While  some  of  these  differences 
might  be  attributed  to  methods  of  determination,  and  to  nor- 
mal or  expected  variation,  it  is  logical  to  suppose  that  certain 
physiological  factors  might  also  be  responsible,  at  least  in 
part,  for  some  of  the  diversity  among  reported  thiamine 
values  for  pork. 

Among  such  factors  are  thiamine  saturation  of  tissues 
(Schultz,  Light  and  Frey,  '38;  Schultz,  Light,  Cracas  and 
Atkin,  '39),  the  relationship  of  thiamine  to  the  glycogen  cycle 
in  muscle  (Pyke,  '40),  and  the  thiamine  sparing  action  of  fats 
(Ellis  and  Madsen,  '42). 

It  is  a  generally  accepted  fact  that  increased  intake  of  car- 
bohydrate increases  the  thiamine  requirement ;  Waisman  and 
Elvehjem  ('41)  have  commented  on  this  fact  in  connection 
with  swine  which  are  fed  rations  characteristically  rich  in 

» Authorized  for  publication  on  March  11,  1943,  as  paper  no.  1171  in  the  Jour- 
nal Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 

Part  of  the  expenses  of  this  investigation  were  defrayed  by  a  fellowship  grant 
from  Swift  and  Company,  Chicago,  Illinois. 
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carbohydrate.  It  is  possible  that  the  characteristically  high 
thiamine  content  of  pork  is  the  result  of  demands  on  the 
muscle  tissue  for  thiamine  to  aid  in  the  metabolism  of  carbo- 
hydrate, including  its  conversion  to  fat. 

A  further  possibility  is  that  the  thiamine  content  of  pork 
might  be  directly  influenced  by  the  thiamine  intake  of  the  pig. 
Some  data  bearing  on  this  point  have  been  presented  by  Pyke 
('40)  who  reported  thiamine  values  for  the  longissimus  dor  si 
and  psoas  (back  and  loin)  muscles  from  groups  of  two,  five 
and  four  pigs  fed,  respectively,  on  swill,  commercial  meal 
(190  I.  U.  thiamine  per  100  gm.),  and  the  same  commercial 
meal  supplemented  with  crystalline  thiamine  to  raise  its 
thiamine  content  to  850  I.  U.  per  100  gm.  No  assay  values  are 
reported  for  the  swill,  but  it  is  stated  that  it  almost  certainly 
contained  less  vitamin  Bi  than  the  cereal  meal.  The  amount 
of  thiamine  in  the  psoas  muscle  was  shown  to  be  consistently 
greater  than  that  present  in  the  longissimus  dorsi.  The  thia- 
mine values  for  these  muscles  were  very  similar  for  the  pigs 
fed  the  plain  meal  and  for  those  fed  the  meal  supplemented 
with  thiamine,  but  the  values  were  considerably  higher,  in 
each  instance,  than  those  for  the  two  swill-fed  pigs.  Pyke 
concludes  that  a  normal  pig  ration  supplies  all  the  vitamin 
Bi  that  the  pig  is  capable  of  storing,  and  that  the  reduction  in 
muscle  thiamine  in  the  swill-fed  pigs  is  due  to  a  deficiency  of 
thiamine  in  the  diet. 

The  present  investigation  was  undertaken  to  obtain  further 
data  dealing  with  the  relationship  between  the  thiamine  in- 
take of  the  pig  and  the  thiamine  content  of  the  pork.  Al- 
though the  study  was  primarily  concerned  with  thiamine, 
riboflavin  values  were  also  determined  owing  to  the  paucity  of 
riboflavin  values  reported  in  the  literature. 

EXPERIMENTAL 

The  feeding  experiment  was  conducted  during  the  period 
July  to  November,  1942.  Twenty-seven  pigs  were  assigned 
to  three  lots  of  nine  pigs  each,  with  the  distribution  between 
lots  being  made  as  nearly  equal  as  was  possible  with  respect 
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to  breed,  sex  and  initial  live  weight  (table  2).  Throughout 
most  of  the  feeding  period  the  pigs  were  kept  on  the  ground 
in  half-acre  outdoor  feed  lots  which  were  devoid  of  vegeta- 
tion. Suitable  shelter  against  the  sun  and  inclement  weather 
was  provided,  and  in  the  latter  part  of  the  experiment,  in 
colder  weather,  the  pigs  were  housed  indoors. 

The  pigs  were  trough-fed  in  groups,  twice  daily.  Data  on 
feed  consumption  were  recorded  and  no  more  feed  was  of- 
fered than  could  be  readily  consumed.  A  suitable  amount  of 
water  was  added  to  the  feed  at  feeding  time. 


TABLE    1 
Composition  of  rations. 

Lot  1 

Yellow  corn    57.0 

Tankage    (60%    protein)     5.5 

Soybean  oil  meal    10.0 

Linseed   oil   meal    10.0 

Dehydrated  alfalfa  leaf  meal    5.0 

Whole   wheat — — 

Peanut  skins 10.0 

Corn  gluten  meal   

Dried  brewers '  yeast    2.0 

Salt     0.48 

Manganese     0.02 

100.00 

Protein  (%)    1^-95 

Thiamine   {fig.  per  lb.)    5761 

Riboflavin  (/*g.  per  lb.)    1^01 


INGREDIENTS 
Lot  2 


% 

49.0 
5.5 
10.0 
10.0 
5.0 
10.0 
10.0 


0.48 
0.02 


Lot  3 


% 

53.5 
11.0 


10.0 
15.0 

10.0 

0.48 
0.02 


100.00 

100.00 

ANALYSIS 

19.35 

19.78 

3447 

1315 

1669 

2468 

The  composition  of  the  rations  is  given  in  table  1.  The 
protein  content  of  the  rations  is  considered  adequate  for  pigs 
weighing  40  to  50  pounds,  but  it  is  higher  than  that  required 
for  pigs  weighing  from  75  to  200  pounds.  Rations  1,  2  and  3, 
fed  to  lots  1,  2  and  3,  respectively,  were  designed  primarily  to 
furnish  three  levels  of  thiamine,  the  respective  amounts  being 
5761,  3447  and  1315  Mg.  of  thiamine  per  pound  of  feed.   Ex- 
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traordinary  sources  of  thiamine  were  red  peanut  skins,  used 
in  rations  1  and  2,  and  brewers'  yeast,  used  in  ration  1.  Some 
diflficulty  was  experienced  in  obtaining  brewers'  yeast  which 
contained  sufficient  thiamine  to  provide  the  desired  amount 
in  ration  1.  Consequently,  the  required  additions  of  pure  thia- 
mine (in  solution)  were  mixed  with  this  ration  just  prior  to 
feeding. 

Three  pigs,  one  from  each  lot,  were  slaughtered  on  the 
100th  day  of  the  feeding  experiment.  Thereafter,  usually  ^t 
weekly  intervals,  one  pig  from  each  lot  was  slaughtered. 
Thus  the  length  of  the  feeding  period  varied  from  99  to  140 
days,  respectively,  for  the  first  and  last  pigs  slaughtered  from 
each  lot.  After  slaughter  the  carcasses  were  chilled  for  at 
least  24  hours  at  37 °F.  before  samples  of  the  pork  were  taken 
for  analysis.  Samples  were  taken  from  the  ham  end  of  the 
loin,  the  center  of  the  loin,  the  shoulder  and  the  liver.  Ad- 
hering fat  was  removed  from  the  samples  which  were  pre- 
pared for  analysis  by  grinding  in  a  food  chopper.  Thus, 
all  analyses  represent  lean  tissue. 

Whenever  possible,  samples  for  the  determination  of  dry 
matter,  crude  protein  and  thiamine  were  weighed  immediately 
after  the  sample  had  been  ground  and  thoroughly  mixed. 
Otherwise  samples  were  frozen  immediately  in  the  freezing 
compartment  of  an  electric  refrigerator  and  kept  in  the  frozen 
state  until  they  w^ere  analyzed.  All  of  the  riboflavin  deter- 
minations were  made  on  samples  which  had  been  kept  in  the 
frozen  state. 

Thiamine  was  determined  by  the  thiochrome  method,  us- 
ing the  procedure  recommended  for  cereal  products  (Hen- 
nessy,  '42),  and  riboflavin  was  determined  by  the  fluorometric 
method  of  Conner  and  Straub  ('41).  These  methods  were 
modified  only  in  the  manner  of  preparation  of  the  extracts; 
a  weighed  amount  of  the  previously  ground  fresh  or  frozen 
sample  was  mixed  in  a  Waring  blender  with  a  suitable  volume 
of  extractant,  from  which  mixture  aliquots  were  pipetted  into 
volumetric  flasks. 
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EXPERIMENTAL     RESULTS     AND     DISCUSSION 


Data  pertaining  to  the  body  gains  and  feed  consumption  of 
the  pigs  are  given  in  table  2.  It  is  shown  that,  on  the  average, 
in  spite  of  individual  differences,  the  three  lots  of  pigs  were 
quite  similar  with  respect  to  growth  and  feed  requirements.  It 
is  apparent  that  the  ration  for  lot  3,  which  furnished  the  least 
amount  of  thiamine  was  fully  adequate  to  fulfill  the  pigs'  re- 
quirements for  this  factor.  In  this  case  the  average  daily 
feed  intake  of  5.3  lbs.  supplied  7  mg.  of  thiamine  which  is  in 

TABLE  3 

Average  proximate  analyses  of  pork. 


LOT    NO. 

1 

2 

3 

NUMBER    OF    PIGS 

8 

8 

8 

TJllAMINH    CONTENT    OF    FEED     (/iO./LB.) 

5761 

3447 

1315 

SOURCE    OF    SAMPLE 

Dry  matter 

Protein  in  fresh  pork 

% 

27.0 
19.2 

% 

28.5 
19.2 

% 

Shoulder 

28.2 
19.5 

Center  loin 

Dry  matter 

Protein  in  fresh  pork 

27.8 
21.7 

27.6 
21.8 

29.2 
21.8 

Ham  end  of  loin 

Dry  matter 

Protein  in  fresh  pork 

26.9 
21.4 

28.0 
21.8 

28.4     . 
21.2 

Liver 

Dry  matter 

Protein  in  fresh  liver 

30.5 
23.1 

31.0 
22.5 

30.5 
22.2 

excess  of  the  suggested  daily  requirement  of  1  to  3  mg.  per 
100  lbs.  of  body  weight.  The  results  show,  further,  that  there 
was  no  apparent  advantage  derived  from  the  additional  thia- 
mine provided  in  the  rations  of  lots  1  and  2^o  far  as  growth 
and  feed  utilization  are  concerned. 

The  average  proximate  analyses  of  the  pork  are  given  in 
table  3.  Again,  in  spite  of  individual  diflferences,  there  is 
general  uniformity  of  the  results  for  the  pigs  of  the  three 
lots. 

Data  for  the  thiamine  content  of  the  pork  are  given  in  table 
4.    Thiamine  values  for  the  muscle  tissues  directly  reflect 
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the  thiamine  intakes  of  the  pigs,  and  the  data  show  that  much 
higher  amounts  of  thiamine  were  present  in  the  muscle  tis- 
sues of  the  pigs  of  lots  1  and  2  than  was  the  case  for  similar 
tissues  of  the  pigs  of  lot  3.  The  thiamine  content  of  the  pork 
from  the  pigs  of  lot  2,  which  received  3447  ng-  of  thiamine  per 
pound  of  feed,  is  approximately  twice  that  of  the  pigs  of  lot 
3,  which  received  1315  ng-  of  thiamine  per  pound  of  feed.  In 
the  case  of  lot  1,  which  received  5761  ng.  of  thiamine  per 
pound  of  feed,  the  average  thiamine  values  for  the  pork  are 
higher,  in  all  instances,  than  those  for  the  pork  from  the  next 
lower  thiamine  lot  (no.  2),  but,  although  the  trend  of  the 
values  seems  to  be  established,  the  differences  are  not  statis- 
tically significant  in  all  cases.  The  above  relationships  are 
true  whether  or  not  the  comparisons  are  made  on  the  basis 
of  the  thiamine  content  of  the  fresh  pork,  dry  matter,  or 
total  protein.  Although  the  thiamine  values  for  the  pork  from 
lot  1  are  higher  than  those  for  lot  2,  the  differences  are  not 
commensurate  with  the  differences  in  the  thiamine  intake 
of  these  two  lots.  A  more  direct  relationship  exists  in  the  case 
of  lots  2  and  3  where  an  increase  of  2.6  times  in  thiamine 
intake  resulted  in  approximately  doubling  the  thiamine  con- 
tent of  the  pork. 

It  is  interesting  to  note  that  there  seems  to  be  a  prefer- 
ential attraction  of  pork  muscle  for  thiamine  as  compared  to 
liver.  Furthermore,  liver  seems  to  be  much  less  responsive 
to  the  effect  of  added  dietary  thiamine.  It  will  be  noted,  in 
comparing  lots  2  and  3,  that  the  increase  in  thiamine  content 
of  liver,  as  the  result  of  thiamine  feeding,  was  of  the  order  of 
40  to  70%,  as  contrasted  with  about  100%  for  muscle.  Pork 
muscle  is  unique  in  its  ability  to  absorb  and  retain  thiamine 
and  appears  to  be  the  principal  repository  of  this  vitamin. 

Our  findings  with  respect  to  the  increased  thiamine  content 
of  pork  muscle  as  the  result  of  f eedins:  are  somewhat  similar 
to  those  reported  by  Pyke  ('40),  but  they  differ  in  several 
respects  the  first  of  which  is  the  magnitude  of  the  thiamine 
values  for  pork  from  pigs  with  more  or  less  comparable  in- 
takes of  thiamine. 


The  limited  data  of  Pyke  show  a  range  of  from  12  to  14.55 
Mg.  of  thiamine  per  gram  of  loin  on  feeds  which  ranged  from 
2586  to  11,567  \ig,  of  thiamine  per  pound  of  feed.  Our  thiamine 
values  are  somewhat  higher,  ranging  from  18.3  to  27.8 
Hg.  per  gram  of  loin  from  pigs  which  received  3447  and  5761 
Mg.  of  thiamine  per  pound  of  feed.  In  spite  of  the  difference  in 
the  magnitude  of  the  thiamine  values,  our  observations  and 
those  of  Pyke  show  that  different  muscle  tissues  from  the 
same  pig  may  contain  different  amounts  of  thiamine.  In  our 
studies  the  loin  values  exceeded  those  of  the  shoulder  by  20 
to  25%.  No  data  are  available  showing  whether  there  may  be 
a  variation  in  the  thiamine  content  of  different  parts  of  the 
same  muscle. 

Pyke's  results  show  little,  if  any,  increase  in  the  thiamine 
values  for  pork  when  the  level  of  thiamine  feeding  was  in- 
creased from  2586  to  11,567  ng.  per  pound  of  feed,  although 
the  values  at  these  levels  were  approximately  double  those  for 
swill-fed  hogs.  Our  values  for  pigs  fed  3447  ng.  of  thiamine 
per  pound  of  feed  are  approximately  30%  higher  than  those 
reported  by  Pyke  at  the  highest  level  of  feeding  (11,567  [xg.  per 
pound  of  feed),  and  in  each  instance  our  values  show  some  in- 
crease as  a  result  of  a  higher  level  of  thiamine  intake. 

There  does  not  appear  to  be  any  satisfactory  explanation 
for  the  above  points  of  difference.  Feed  consumption  might 
be  a  factor  influencing  thiamine  storagre.  Pyke  does  not  re- 
port the  feed  intakes,  but  in  our  case  it  was  practically  the 
same  for  the  three  lots  of  pigs.  Our  results  do  not  indicate 
any  marked  influence  of  breed  on  the  thiamine  content  of  the 
pork.  However,  Pyke's  data  indicate  that  breed  mi^ht  be  a 
factor,  and  it  is  possible  that  the  Wessex  Saddleback  pig 
might  differ  in  this  respect  from  the  breeds  used  in  our  in- 
vestigation.  We  feel,  however,  that  the  species  rather  than 
the  breed,  in  the  case  of  swine,  characterizes  the  great  ability 
of  the  pig  to  accumulate  thiamine  in  its  muscle  tissue. 

Our  results,  which  show  that  the  thiamine  content  of  pork 
may  be  influenced  by  the  thiamine  intake  of  the  pig,  and  that 
different  pork  cuts  may  vary  in  thiamine  content,  are  of 
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particular  interest  in  helping  to  explain  some  of  the  wide  var- 
iations in  thiamine  values  for  pork  which  have  been  re- 
ported in  the  literature.  Our  work  does  not  fully  delineate 
the  limits  within  which  the  thiamine  content  of  pork  may 
vary,  but  some  indication  of  the  upper  limit  is  indicated  by 
the  results  obtained  by  feeding  5761  ng.  of  thiamine  per 
pound  of  feed  to  lot  1,  and  by  further  data  given  in  table  5. 

TABLE    5 

Thiamine  and  riboflavin  values  for  porTc  from  pigs  receiving  50  mg.  of  additional 
thiamine  hydrochloride  daily  for  a  period  of  32  days 


PIG.  NO. 

69  1 

72  2 

69 

72 

SOURCE  OF  SAMPLE 

BASIS 

THIAMINE 

RIBOFLAVIN 

Shoulder 

Fresh 

ng./gm. 
15.5 

tig./gm. 
14.1 

lig./gm. 
3.5 

tig./gm. 
3.7 

Dry  matter 

59.8 

50.1 

13.5 

13.1 

Protein 

79.2 

71.6 

17.9 

18.7 

Center   loin 

Fresh 

22.2 

18.6 

1.8 

2.4 

Dry  matter 

89.2 

66.2 

7.4 

8.4 

Protein 

101.5 

86.3 

8.4 

10.9 

Ham  end  of  loin 

Fresh 

21.8 

18.1 

2.9 

3.3 

Dry  matter 

85.7 

66.3 

11.3 

12.0 

Protein 

102.3 

84.7 

13.4 

15.3 

Liver 

Fresh 

5.6 

5.8 

51.7 

46.9 

Dry  matter 

19.0 

17.0 

175.3 

137.5 

Protein 

26.0 

23.8 

239.8 

192.4 

'  Pig  no.  69  received  feed  containing  5761  tig.  thiamine  per  pound. 
^  Pig  no.  72  received  feed  containing  1315  iig.  thiamine  per  pound. 


One  pig  from  the  original  lot  2  was  affected  with  piles  and 
was  removed  from  the  experiment.  Its  mates  in  lots  1  and 
3,  nos.  69  and  72,  were  continued  on  the  experiment  and  re- 
ceived the  same  feeds  as  the  other  members  of  lots  1  and  3, 
with  the  addition,  during  the  last  22  days  of  the  experiment, 
of  a  daily  supplement  of  50  mg.  of  pure  thiamine.  The  results, 
as  given  in  table  5,  show  that  there  was  no  accumulation  of 
this  additional  thiamine  in  the  muscle  tissue  of  the  pig  (no. 
69)  on  the  high  thiamine  (5761  ng.  per  pound)  feed;  however, 
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a  very  appreciable  storage  of  thiamine  did  occur  in  the  case 
of  pig  no.  72,  which  had  received  onlv  1315  ms*.  of  thiamine 
per  pound  of  feed.  The  thiamine  values  for  the  pork  of  this 
pig  are  of  the  same  order  as  those  for  the  pork  of  the  pigs  of 
lots  1  and  2,  and  indicate  that  thiamine  may  be  very  rapidly 
accumulated  in  pork  muscle  tissue  under  conditions  of  high 
thiamine  intake. 

Schultz,  Light,  Cracas  and  Atkin  ('39)  have  pointed  out 
that  storage  of  thiamine  in  the  accepted  sense,  does  not  take 
place  in  the  body  of  the  rat.  We  feel  that  probably  this  is  also 
true  in  the  case  of  the  pig.  This  viewpoint  may  involve  a  very 
strict  differentiation  between  storage  and  accumulation.  Since 
our  limited  data  indicate  that  thiamine  may  be  accumulated 
rapidly  in  pork  muscle,  under  conditions  of  high  thiamine  in- 
take, it  is  felt  that  its  disappearance  from  the  tissue  may  be 
equally  rapid.  Thus,  thiamine  accumulation  in  the  tissue,  even 
to  the  point  of  saturation,  may  not  constitute  true  storage. 

The  data  presented  in  this  paper  do  not  give  a  complete 
picture  with  respect  to  the  average  values  and  the  lower  limit 
of  the  thiamine  values  which  may  apply  to  pork  in  general 
and  which  may  be  determined  by  the  thiamine  intake  of  the 
average  hog.  Limited  data  are  available  for  the  thiamine 
content  of  hog  feeds.  It  may  be  assumed,  however,  that  many 
hog  rations,  especially  those  in  which  corn  predominates 
heavilv,  are  not  rich  in  thiamine.  On  the  other  hand,  hogs  fed 
peanuts,  peanut  by-products,  certain  oil  meals,  yeast  and 
other  thiamine-rich  feed  ingredients  ingest  considerable 
amounts  of  thiamine.  With  the  lack  of  any  specific  data  to 
prove  the  point,  we  feel  that  1315  Mg*.  of  thiamine  per  pound 
of  feed,  the  amount  present  in  the  ration  of  lot  3,  represents  a 
thiamine  intake  for  hogs  which  is  probably  somewhat  higher 
than  the  average.  Thus,  the  thiamine  values  for  the  pork  of 
lot  3  are  probably  at  least  not  lower  than  the  average. 

Average  riboflavin  values  for  pork  from  lots  1,  2  and  3  are 
given  in  table  6.  No  attempt  was  made  to  control  the  ribo- 
flavin content  of  the  feeds.  Consequently,  the  variations  in 
this  vitamin  in  the  feeds,  were  not  comparable  to  those  of 
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thiamine.  It  will  be  noted  that  the  riboflavin  content  of  pork 
muscle  is  much  lower  than  that  of  thiamine  while  pork  liver 
is  rich  in  riboflavin  but  relatively  low  in  thiamine. 


TABLE    6 
The  riboflavin  content  of  pork. 


LOT  NO. 

1 

8 

8 

NUMBER  OF  PIGS 

i 

8 

• 

RIBOFIjAVIN  content  OF  FEED 
(/IG./IjB,) 

1801 

1669 

2468 

SOURCE   OF   SAMPLE 

BASIS 

AVERAGB   RIBOFLAVIN    CONTENT   OF   PORK 

(expressed  as  /ag./gm.   of  fresh   tissue. 

DRY  MA'l-rEB  AND  PROTEIN) 

Shoulder 

Fresh 

Dry  matter 

Protein 

/ig./gm. 

3.5 
13.0 
18.2 

Standard 
error 

0.1 
0.7 

0.6 

fig./gm. 

3.3 

11.5 
17.0 

Standard 
error 

0.1 

0.5 

0.7 

/ig./gm. 

3.2 
11.5 
16.4 

Standard 
error 

0.1 
0.9 
0.7 

Center  loin 

Fresh 

Dry  matter 

Protein 

2.2 

7.9 
10.1 

0.1 
0.4 
0.4 

2.3 

8.1 

10.3 

0.1 
0.4 
0.6 

2.2 

7.5 

10.1 

0.1 
0.4 
0.3 

Ham  end  of  loin 

Fresh 

Dry  matter 
Protein 

3.2 
11.8 
14.9 

0.2 

0.7      , 
1.0 

3.0 
10.6 
13.6 

0.2 
0.5 
0.6 

3.0 
10.7 
14.3 

0.2 
0.6 
0.7 

Liver 

Fresh 

Dry  matter   , 

Protein 

43.8    j 
143.7 
189.6 

0.9 
3.0 
2.9 

41.8 
134.9 
185.9 

0.8 
2.3 
3.0 

40.5 
132.7 
182.5 

1.0 
2.7 
3.5 

SUMMARY 

Three  lots  of  pigs  were  fed  rations  containing  5716,  3447  and 
1318  [ig.  of  thiamine  per  pound  of  feed,  respectively.  The 
average  feed  consumption  was  approximately  the  same  for 
the  three  lots  of  pigs.  Thus,  the  average  daily  thiamine  in- 
takes were  approximately  29, 17  and  7  mg.,  respectively. 

Results  with  respect  to  growth  and  feed  consumption  were 
similar  for  the  three  lots  of  pigs  in  spite  of  the  differences 
in  thiamine  intake. 

Thiamine  values  were  determined  on  pork  samples  taken 
from  the  shoulder,  the  middle  of  the  loin,  the  ham  end  of  the 


THIAMINE    AND    RIBOFLAVIN    IN    PORK 


273 


loin  and  the  liver.  An  increase  of  approximately  100%  in 
the  thiamine  content  of  pork  muscle  resulted  when  the  thia- 
mine intake  was  increased  from  1318  to  3447  ng.  per  pound 
of  feed.  A  similar  increase  of  the  order  of  15  to  20%  re- 
sulted from  an  increase  in  the  thiamine  content  of  the  feed 
from  3447  to  5761  pg.  per  pound. 

The  average  thiamine  values,  on  the  fresh  basis,  for 
shoulder,  center  loin  and  ham  end  of  loin,  at  the  lower  level 
of  thiamine  intake,  were  7.9,  9.5  and  10.3  Mg.  per  gram,  respec- 
tively. At  the  high  level  of  thiamine  intake  the  corresponding 
values  were  17.3,  23.1  and  23.9  Mg.  per  gram. 

The  thiamine  content  of  pork  loin  was  found  to  be  con- 
sistently higher  than  that  of  pork  shoulder.  Pork  liver,  as  com- 
pared to  muscle,  was  found  to  be  relatively  low  in  thiamine 
content.  There  was  some  increase  in  the  thiamine  content  of 
the  liver  as  the  result  of  feeding  more  thiamine,  but  the  main 
depository  of  thiamine  in  the  pig  is  the  muscle  tissue. 

Limited  observations  with  but  two  pigs  seem  to  indicate 
that  pork  muscle  tissues  have  nearly  reached  the  saturation 
point,  so  far  as  thiamine  storage  is  concerned,  when  the 
thiamine  content  of  the  ration  approximates  5800  Mg.  per 
pound.  As  the  result  of  these  preliminary  observations  it  is 
concluded  that  thiamine  accumulation  in  pork  muscle  is  re- 
latively rapid.  These  experiments  are  being  continued. 

Riboflavin  values  were  determined  for  all  of  the  pork  sam- 
ples. The  riboflavin  content  of  pork  muscle  is  low  as  com- 
pared to  this  tissue's  content  of  thiamine.  Pork  liver  is  rela- 
tively high  in  riboflavin  content. 
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R.  ADAMS  DUTCHER 


Some  New  Aspects  of  Vitamin  A  Chemistry 


In  1932  English  workers  postulated 
that  vitamin  A  may  be  made  to 
undergo  partial  decomposition  when 
the  blue  solution  obtained  with 
antimony  trichloride  is  mixed  with 
water  (Edisbury,  Gillam,  Heilbron 
and  Morton,  Biochem  J;,  26,  1164 
(1932)).  These  workers  postulated 
that  the  new  compound  was  prob- 
ably cycUc  in  structure.  It  was  also 
observed  that  this  **spurious"  or 
"cyclized"  vitamin  A  could  be 
made  by  treating  vitamin  A  with 
HCl  in  alcohol. 

Shantz,  Cawley  and  Embree  (J. 
Amer.  Chem.  Soc,  65,  901  (1943)) 
have  concluded  that  "cyclized  vita- 
min A"  is  really  formed  by  dehydra- 
tion. For  this  reason  they  prefer  to 
call  the  product  "anhydro  vitamin 
A."  Using  a  vitamin  A  concen- 
trate, these  workers  have  formed 
anhydro  vitamin  A  by  dehydration 
with  N/30  anhydrous  alcoholic  hy- 
drogen chloride.  By  chromato- 
graphic methods  it  is  possible  to  ob- 
tain the  anhydro  compound  in  the 
eluate.  The  concentrate  thus  ob- 
tained may  be  crystalUzedat  —  60°  C. 
if  permitted  to  stand  for  about 
two  days  in  low  boiling  petroleum 
ether.  The  crystals  are  described 
as  being  orange  yellow  in  color, 
melting  at  76  to  77°.  Compari- 
sons of  absorption  spectra  of  vita- 
min A  and  anhydro  vitamin  A  and  of 
the  antimony  trichloride  reaction 
products  of  vitamin  A  and  anhydro 
vitamin  A  indicate  that  the  anhy- 
dro compound  is  a  separate  entity. 


Polymerized  orange  and  red  com- 
pounds may  be  formed  in  the  reac- 
tion mixture  which  can  be  separated 
from  the  anhydro  compound  by 
molecular  distillation.  A  compound 
which  is  provisionally  called  *'Iso- 
anhydro  vitamin  A"  is  formed  if 
vitamin  A  is  permitted  to  remain  in 
contact  with  the  acid  reagent  for  a 
prolonged  period  of  time  at  room 
temperature.  Carbon  and  hydrogen 
analyses  support  the  belief  that 
vitamin  A  (C20H30O)  has  been  de- 
hydrated to  form  anhydro  vitamin 
A  (C20H28).  Absence  of  hydroxy  1 
groups  was  shown  by  failure  to  ob- 
tain methane  when  anhydro  vita- 
min A  was  treated  with  methylmag- 
nesium  iodide  in  isoamyl  ether. 
Hydrogenation  of  anhydro  vitamin 
A  led  to  the  conclusion  that  the 
molecule  contains  six  unsaturated 
bonds. 

Stability  studies,  as  measured  by 
absorption  spectra,  indicate  that 
anhydro  vitamin  A  is  stable  in  oil 
solutions  but  that  crystalline  prepa- 
rations and  purified  concentrates 
deteriorate  quite  rapidly.  The  de- 
hydrated product  was  also  shown  to 
differ  markedly  from  vitamin  A 
when  these  compounds  were  sub- 
jected to  analytical  molecular  dis- 
tillation. 

When  refluxed  for  several  hours 
with  a  lower  alkyl  alcohol,  vitamin 
A  esters  break  down  to  anhydro 
vitamin  A,  free  fatty  acids  and 
"other  products."  Anhydro  vita- 
min A  prepared  by  this  method  is 
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identical  with  that  prepared  by  the 
acid-alcohol  method,  previously  de- 
scribed. 

When  the  biological  potency  of 
the  dehydrated  product  was  deter- 
mined it  was  found  that  it  con- 
tained 15,200  units  of  vitamin  A 
per  gram,  while  the  product  ob- 
tained by  ester  decomposition  as- 
sayed 16,900  units  per  gram.  These 
were  thought  to  be  reasonably  free 
from  traces  of  vitamin  A. 

Possible  structures  for  anhydro 
vitamin  A  are  discussed  without  ar- 
riving at  definite  conclusions.  The 
authors  are  inclined  to  feel  that 
existing  optical  absorption  evidence 
points  to  the  fact  that  the  following 
"allene"  structure  is  most  likely  to 
be  correct,  although  methylene  and 
dimethylene  structures  are  not  ex- 
cluded. 
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discuss  the  applications  of  chroma- 
tography to  the  separation  of  vita- 
mins Ai  and  A2.  Anhydro  vitamin 
A2  is  adsorbed  quite  strongly  on 
alumina,  while  anhydro  vitamin  Ai 
is  washed  through  the  column  with 
petroleum  ether.  Both  possess  the 
same  ultraviolet  absorption  spec- 
trum. 

When  the  unsaponifiable  fraction 
of  shark  liver  oil  was  subjected  to 
the  dehydration  procedure,  it  was 
found  that  a  new  substance  could 
be  identified  by  spectrograph  ic 
methods.  This  new  substance  was 
similar  to  anhydro  vitamin  A  but 
differed  in  the  position  of  the  three 
absorption  bands.  Furthermore,  it 
appeared  that  the  new  compound 
contained  one  less  double  bond  in 
conjugation.  Since  they  were  un- 
able to  detect  the  new  substance  be- 
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Suggested  *'AlIene**  Structure  for  Anhydro  Vitamin  A 


A  practical  example  of  the  useful- 
ness of  the  dehydration  method  is 
the  separation  of  vitamins  Ai  and 
A2.  These  are  ordinarily  separated 
with  considerable  difficulty.  How- 
ever, their  anhydro  derivatives  are 
separated  quite  readily  by  chroma- 
tography. In  its  highest  purity,  the 
crystalline  hydrocarbon,  anhydro 
vitamin  A,  has  a  value  of  3650  for  E 
(1%,  1  cm.)  (371  mM). 

Embree  and  Shantz  (J.  Amer. 
Chem.  Soc,  65,  906  (1943))  have 
applied  the  dehydration  procedure 
to  the  unsaponifiable  portion  of 
fish  liver  oils.     In  this  paper  they 


fore  dehydration,  it  was  reasoned 
that  it  must  have  been  formed  dur- 
ing the  dehydration  process  from 
some  "progenitor."  This  progeni- 
tor has  been  tentatively  designated 
as  "subvitamin  A"  and  its  dehy- 
drated product  a&  "anhydro  sub- 
vitamin  A." 

The  absorption  spectrum  of  sub- 
vitamin  A  differs  from  that  of  vita- 
min Ai  although,  with  antimony  tri- 
chloride the  former  gives  a  blue  color 
comparable  with  that  of  vitamin  Ai. 
The  deportment  of  subvitamin  A  in 
the  analytical  molecular  still  was 
unlike  that  of  vitamins  Ai  and  A2. 


52 


Record  of  Chemical  Progress 


While  the  antimony  trichloride 
method  indicated  that  one  sample  of 
subvitamin  A  (in  oil)  had  an  ap- 
parent potency  of  3000  I.U./gm., 
biological  tests  on  four  rats  indi- 
cated that  the  subvitamin  A  pos- 
sessed no  growth  promoting  power. 
If  this  is  true,  additional  evidence 
is  afforded  to  show  that  chemical 
methods  should  not  be  depended  on 
to  the  exclusion  of  biological  re- 
sponse methods.  Embree  and 
Shantz  suggest  that  subvitamin  A  is 
possibly  an  oxygenated  derivative 
of  vitamin  Ai  or  A2. 

In  1937  Prichard  and  co-workers 
described  a  substance  present  in 
whale  liver  oil  which  possessed 
characteristic  absorption  spectra, 
contained  no  vitamin  A  and  dis- 
played no  change  in  spectral  charac- 
teristics when  treated  with  alcoholic 
hydrogen  chloride.  In  spite  of  these 
facts,  the  fraction  possessed  an 
activity  of  17,900  I.U./gm.  when 
fed  to  rats  (Prichard,  Wilkinson, 
Edisbury  and  Morton,  Biochem.  J., 
31,  258  (1937)). 

Embree  and  Shantz  (J.  Amer. 
Chem.  Soc,  65,  910  (1943))  have 
applied  their  techniques  to  whale 
liver  oil  and  have  described  the 
properties  of  this  potent  substance 
which  they  have  named  **kitol," 
from  the  Greek  word  keios  meaning 
whale. 

Kitol  was  isolated  from  whale 
liver  oil  by  dissolving  the  unsaponi- 
fiable fraction  in  ethyl  formate, 
freezing  out  the  sterols,  dissolving 
the  sterol-free  material  in  corn  oil 
and  distilling  at  150°  C.  in  a  cyclic 
molecular  still.  The  kitol  remained 
in  the  residue.  After  further  saponi- 
fication, the  unsaponifiable  frac- 
tion, containing  kitol,  was  subjected 
to  chromatographic  fractionation  on 
aluminum  oxide.  Following  two 
additional  adsorptions  and  elutions 


with  alcohol  and  ether  a  pale  yellow 
oil  was  obtained  which  soon  set  to  a 
glassy  soUd. 

Thermal  decomposition  studies 
yielded  the  interesting  information 
that  at  temperatures  of  175°  C.  or 
higher  a  substance  was  formed 
which  gave  a  blue  color  with  anti- 
mony trichloride  and  the  color  had 
an  absorption  maximum  of  620  mju, 
like  vitamin  A.  In  addition  the  de- 
composition product  had  an  absorp- 
tion band  with  a  maximum  at  328 
m/x.  It  distributed  itself  between 
83%  alcohol  and  petroleum  ether 
like  vitamin  A  and  its  dehydrated 
product  possessed  spectral  charac- 
teristics identical  with  anhydro  vita- 
min A. 

Biological  assay  of  one  sample  of 
the  decomposition  product  revealed 
a  vitamin  A  potency  of  42,000  I.U./- 
gm.  It  was  concluded  that  kitol 
is  not  a  vitamin  but  a  provitamin, 
since  the  kitol  concentrate  yielded 
negative  results  when  tested  by  the 
official  bioassay  method.  It  was 
estimated  that  the  decomposition  of 
one  molecule  of  kitol  possibly  yields 
one  molecule  of  vitamin  A. 

Kitol  has  a  molecular  weight  of 
about  575,  and  it  is  a  dihydric  al- 
cohol with  the  approximate  formula 
C40H60O2.  It  is  thought  that  8 
double  bonds  are  present  in  the 
molecule. 

Kitol  is  found  in  small  amounts  in 
shark  liver  oil  and  in  lamb  liver  oil. 
The  authors  found  a  product  in  pike 
liver  oil  which  seemed  to  bear  the 
same  relationship  to  vitamin  A2  that 
kitol  bears  to  vitamin  Ai.  As  a  re- 
sult they  postulate  the  existence  of  a 
kitoU  in  pike  liver  oil. 

Since  vitamin  A  is  unstable  to 
heat,  the  authors  suggest  that  heat- 
ing of  kitol  by  ordinary  methods 
would  not  be  commercially  satis- 
factory, if  vitamin  A  were  to  be  pro- 
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duced  by  thermal  decomposition 
of  kitol.  The  only  feasible  method, 
they  contend,  would  be  to  use  a 
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molecular  still  where  vitamin  A 
can  be  removed  as  fast  as  it  is 
formed. 
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DIGEST 

Dehydrated  alfalfa  meal  was  found  slightly  superior  to  sun- 
cured  alfalfa  meal  for  the  young  pig.  No  difference  was  observed 
in  the  nutritive  value  of  these  two  feedstuffs  for  pigs  weighing  75 
pounds  and  over.  The  vitamin  A  content  of  the  two  rations  may 
account  for  the  differences  observed  with  the  younger  pigs.  Ab- 
normalities observed  in  the  individuals  fed  both  rations  were 
probably  caused  by  deficiencies  of  a  factor  or  factors  other  than 
vitamin  A. 

Rations  in  which  white-cap  corn  replaced  yellow  corn  were  de- 
cidedly inferior  for  the  normal  development  of  the  young  pig. 

Cod  liver  oil  did  not  improve  the  ration  containing  white-cap 
corn  in  so  far  as  growth  was  concerned.  However,  pigs  fed  cod 
liver  oil  did  not  develop  specific  symptoms  of  vitamin  A  deficiency 
which  were  shown  by  pigs  on  the  white-cap  corn  ration. 

Rations  high  in  soybean  oilmeal  proved  to  be  superior  to  rations 
low  in  soybean  oilmeal  and  all  other  rations  used,  with  respect  to 
growth,  hair  and  skin  conditions,  and  gait  and  general  develop- 
ment, for  pigs  of  the  initial  weight  of  37  to  44  pounds. 

For  pigs  weighing  37  to  44  pounds  at  the  beginning  of  the  experi- 
ment, the  replacement  with  soybean  oilmeal  of  part  of  the  low 
protein  tankage  in  the  ration  resulted  in  improved  growth  and  con- 
dition of  the  pigs  as  judged  by  the  hair,  skin,  gait  and  general  de- 
velopment. 


Feed  Mixtures  for  Young  Pigs  * 

T.  B.  Keith,  R.  C.  Miller,  M.  A.  McCarty  and  W.  T.  S.  Thorp  t 

MIXTURES  OF  FEEDS  commonly  fed  to  swine  in  the  absence 
of  good  forage  may  be  inadequate  for  normal  growth  and 
development  of  the  young  pig.  Some  of  the  factors  affecting  the 
growth  and  death  losses  of  pigs  from  date  of  birth  to  the  time  they 
reach  market  weight  have  been  discussed  in  a  previous  publica- 
tion.i 

In  other  work  dealing  with  the  protein  and  the  manganese  re- 
quirements of  the  young  pig,  certain  abnormalities  were  observed 
with  pigs  fed  a  ration  composed  of  white-cap  corn  58.5  parts,  whole 
alfalfa  meal  12  parts,  34  per  cent  protein  tankage  25  parts,  expeller 
soybean  oilmeal  4  parts,  salt  i  part,  and  manganese  0.25  pound  per 
ton.  Out  of  a  total  of  five  pigs,  one  died  during  the  fourth  week  of 
feeding,  the  other  four  being  normal  with  respect  to  gains.  One  of 
these  pigs,  however,  had  a  curved  spine  at  the  end  of  18  weeks  of 
feeding,  fig.  1.  This  individual  weighed  41  pounds  at  the  beginning 
of  the  experiment  and  made  an.  average  daily  gain  of  0.57  pounds 
up  to  the  time  of  the  appearance  of  the  curvature.  This  abnormality 
appeared  to  be  similar  to  the  curvature  of  the  spine  of  the  pigs  fed 
a  vitamin  A  deficient  mixture  at  the  Kansas  Experiment  Station.^ 

The  experiments  reported  here  were  planned  for  the  purpose  of 
studying  the  best  means  of  overcoming  these  and  related  deficien- 
cies in  an  otherwise  practical  ration.  The  feedstuffs  studied  were 
dehydrated  alfalfa  meal,  ground  sun-cured  alfalfa  hay,  expeller 
process  soybean  oilmeal,  white-cap  corn,  yellow  corn,  and  the  sup- 
plementary value  of  cod  liver  oil  in  a  white-cap  corn  mixture  for 
young  growing  pigs,  table  1. 

Feedstuffs. — The  yellow  corn  used  in  these  tests  was  purchased 
from  a  nearby  feed  dealer.  All  of  the  kernels  were  deep  yellow  in 
color.  It  was  graded  as  No.  2  and  contained  9  per  cent  crude  protein. 

The  white-cap  yellow  corn  was  grown  on  the  College  farm.  It 
was  of  grade  No.  2  and  contained  9.6  per  cent  crude  protein.  The 
color  of  the  kernels  varied  from  a  white  to  a  yellow  with  a  white 
cap. 

*  Authorized  for  publication,  October  7,  1943. 

t  Assistant  Professor  of  Animal  Husbandry,  Associate  Professor  of  Agricultural  and 
Biological  Chemistry,  Associate  Professor  of  Animal  Husbandry,  and  Associate  Pro- 
fessor of  Animal  Pathology  Research,  respectively. 

1  "Nutritive  Requirements  of  Young  Pigs",  Pennsylvania  State  Agricultural  Experi- 
ment Station  Bulletin  No.  449,  1943. 

^"The  Importance  of  Vitamin  A  and  Vitamirt  C  in  the  Ration  of  Swine,"  Kansas 
State  Agricultural  Experiment  Station  Technical  Bulletin  No.  23,  1928. 
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Pennsylvania  Agricultural  Experiment  Station 


Fig.  1.— This  pig  had  a  curved 
spine  after  being  fed  on  a  concrete 
feeding  floor  for  18  weeks  on  a  ra- 
tion composed  of  white-cap  corn, 
ground  alfalfa  hay,  34  per  cent  pro- 
tein tankage,  expeller  soybean  oil- 
meal,  salt,  and  manganese. 


The  sun-cured  alfalfa  meal  was  made  from  hay  of  first  and  second 
cuttings  and  contained  both  stems  and  leaves.  It  was  grown  on  the 
College  farm  and  nearby  farms  and  was  ground  in  a  hammer  mill 
with  a  three-thirty-seconds-inch  screen.  It  contained  20.4  per  cent 
crude  protein  and  varied  in  color  from  pale  to  deep  green. 

The  dehydrated  alfalfa  meal  was  made  from  the  stems  and  leaves 
and  had  a  deep  green  color.  It  contained  21.3  per  cent  crude  protein. 

The  tankage,  a  low  protein  (34  per  cent)  product,  was  obtained 
from  a  local  meat  packing  plant.  It  was  made  from  slaughter  house 
waste  consisting  of  material  derived  from  sheep,  cattle,  and  hogs 
in  about  equal  quantities. 
Table  1.— Composilion  of  six  different  rations  fed  to  young  growing  pigs. 


Rations 


Components 


Yellow  corn 
White-cap  corn 
Tankage 

(34  per  cent  protein) 
Soybean  oilmeal 
Sun-cured  alfalfa  hay 
Dehydrated  alfalfa  hay 
Salt 
Cod  liver  oil 


parts 
45.5 


22 
22 

10 


0.5 


parts 
45.5 


22 
22 

10 
0.5 


parts 
47.5 


25 
15 
12 


parts 
49.5 


13 
25 
12 


parts      parts 


0.5 


0.5 


47.5 

25 
15 
12 

0.5 


47.5 

25 

15 
12 

0.5 
2* 


♦  Cod  liver  oil  was  added  to  the  daily  feed  allowance. 
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SUN-CURED  ALFALFA  MEAL  vs.  DEHYDRATED  ALFALFA  MEAL 

Since  alfalfa  meal  was  the  main  source  of  vitamin  A  in  the  ration 
in  which  a  deficiency  apparently  occurred,  and  since  alfalfa  con- 
tains varying  quantities  of  vitamin  A,  a  comparison  was  made  of 
the  relative  values  of  sun-cured  alfalfa  meal  and  dehydrated  alf- 
alfa meal  in  identical  mixtures,  rations  1  and  2,  table  1.  The  pigs 
were  fed  in  matched  pairs;  one  member  of  each  pair  was  fed  the 
sun-cured  alfalfa  and  the  other  was  fed  dehydrated  alfalfa.  Two 
experiments  were  conducted,  10  pairs  of  pigs  being  fed  during  the 
summer  months  and  8  pairs  during  the  winter  months.  The  pigs 
fed  during  the  summer  months  were  placed  on  feed  in  July,  and 
those  fed  during  the  winter  months  were  placed  on  feed  in 
December. 

With  both  the  summer  and  the  winter  fed  groups,  there  was  no 
marked  difference  between  the  average  daily  gain  of  the  pigs  fed 
the  sun-cured  or  dehydrated  alfalfa  mixtures  from  initial  weights 
of  30  to  50  pounds,  up  to  75  pounds,  or  the  initial  weights  up  to  the 
final  weights,  which  ranged  from  154  to  173  pounds,  tables  2  and  3. 

Table  2. — Gains,  weighls,  feed  consumption,  and  economy  of  gains  of  18 
pairs  of  pigs  between  average  initial  weights  of  30  to  50  pounds  and  ajinal 
weight  of  75  pounds.  One  member  of  each  pair  received  sun-cured  alfalfa 
meal;  the  other  member  received  dehydrated  alfalfa  meaL ■ 


Ration 


No  Final      Initial      Days     Av.  Daily     Av.  Daily    Feed  Per 

Pigs      Age      Weight    Weight  On  Feed       Gain  Ration     100  lb.  Oain 


Sun-cured  10 

alfalfa 

Dehydrated  10 

alfalfa 

Sun-cured  8 

alfalfa 

Dehydrated  8 

alfalfa 


days 

74 
75 

89 
95 


pounds    pounds  pounds 

Beginning  July  1940 
72  30  68.9 


pounds       pounds 


72 


31 


70.3 


Beginning  December  1940 
74  49  54.3 


75 


50 


50.8 


.62 
.61 

.46 
.49 


1.85 
1.72 

1.67 
1.66 


310 
284 

368 
343 


The  pigs  fed  the  dehydrated  alfalfa  meal  mixtures  required  26 
pounds  or  8.4  per  cent  less  feed  for  each  100  pounds  gain  during  the 
summer  months,  and  25  pounds  or  6.8  per  cent  less  feed  ^ojc  each 
100  pounds  gain  during  the  winter  months,  than  the  pigs  fed  the 
sun-cured  alfalfa  rations,  up  to  a  weight  of  75  pounds. 

The  differences  in  the  feed  requirements  of  the  same  pigs,  shown 
in  table  2,  fed  the  sun-cured  and  the  dehydrated  alfalfa  mixtures 
between  the  initial  weights  and  average  final  weights  of  154  and  116 
pounds  for  either  the  summer  or  the  winter  group,  are  not  large 
enough  to  be  significant,  table  3. 

These  data  indicate  that  the  younger  and  hghter  weight  pig  re- 
quires more  of  the  nutrients  that  are  supplied  by  the  dehydrated 
alfalfa  meal  mixture,  and  not  supplied  by  the  sun-cured  alfalfa 
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Table  3._Gains,weights.  f^e^consumpllo"  a^^^^^^^^^ 
same  18  pairs  of  Pigs  as  *??  *«''i*^?v'jf  2?*,^  and  173  pounds.  One  membei 

!.fe°acrp'::!r  r^'efv7I\- ^^^^^^^  — ^«  ---<> 

dehydrated  alfalfa  meal. 


Ration 


Sun-cured 

alfalfa 
Dehydrated 

alfalfa 

Sun-cured 

alfalfa 

Dehydrated 

a  If  p  If  a 


No. 
Pigs     Age 

days 

10        74 
10        75 


tttkiat       TmTTAL      Days     Av.  Daily     Av.  Daily     Feed  Per 

WEIGHT      WEIGHT    0?FeId  GaIN  RaTION       100  LB.  GaIN 


pounds    pounds  pounds 

Beginning  July  1940 
155  30  151  '02 


154 


31 


153 


.80 


8 
8 


89 
95 


Beginning  December  1940 
173  49  125  .93 


172 


50 


144 


.91 


pounds 

3.06 
3.02 

3.50 
3.54 


pounds 

376 
377 

378 
393 


meal  mixture,  than  the  older,  heavier  pig.  They  indicate  further 
Sat  any  advantage,  as  judged  by  the  feed  requirement,  gained  by 
he  pigs  fed  dehydrated  alfalfa  up  to  weights  of  approximately  75 
pounds  was  not  sustained  in  the  later  period  of  growth  and  de- 
velopment. This  may  indicate  some  advantage  for  the  sun-cured 
hay  during  this  latter  period. 

However,  neither  the  sun-cured  nor  dehydrated  alfalfa  meal 
mixtures  are  considered  to  be  nutritionally  adequate,  since  some 
nigs  fed  each  of  these  mixtures  showed  stiffness  or  incoordination 
in  the  legs,  and  since  instances  of  growth  failure  were  observed  m 
pigs  fed  both  rations. 

WHITE-CAP  CORN  vs.  YELLOW  CORN 
Since  the  pig  shown  in  fig.  1  with  the  curved  spine  was  fed  white- 
cap  corn,  a  comparison  was  made  of  the  gains  and  general  perform- 
ance of  pigs  fed  white-cap  corn  and  pigs  fed  yellow  corn,  rations  3 
and  5,  table  1.  The  pigs  were  fed  as  matched  pairs,  one  member  ot 
each  pair  being  fed  a  mixture  with  yellow  corn,  the  other  member 
being  fed  the  same  mixture  with  yellow  corn  replaced  by  white- 
cap  corn.  A  summary  of  the  results  is  presented  m  table  4. 

The  pigs  fed  the  yellow  corn  ration  made  0.08  pound  or  14  per 
cent  greater  average  daily  gain  and  required  9  pounds,  or  3  per 
cent  less  feed  for  100  pounds  gain  between  the  initial  weight  of  48 
to  51  pounds  and  a  final  weight  of  75  pounds. 

Table  4.-Gains,  weights,  feed  consumption,  and  economy  o^^^^ 
pairs  of  pigs  between  the  average  initial  weight  of  50  Pounds  and^ne 
average  final  weight  of  75  pounds.    One  member  of  ^ach  pair  received 
yellow  corn;  the  other  member  received  white-cap  corn. 


Ration 


No. 
Pigs 


Age 


Final      Initial      Days     Av.  Daily 
Weight    Weight  On  Feed       Gain 


Av.  Daily    Feed  Per 
Ration     100  lb.  Gain 


Yellow 
corn 

White-cap 
com 


days      pounds    pounds 
5        89  75  51 


82 


71 


48 


36 
39 


pounds        pounds       pounds 
.67  2.15  321 


.59 


1.95 


330 


Bulletin  456 — Feed  Mixtures  for  Young  Pigs 


Two  of  the  pigs  fed  the  white-cap  corn  were  partially  blind.  All 
of  the  pigs  on  this  ration  were  growthy  in  appearance.  They  were 
angular,  hair  coats  were  rough,  their  skins  were  dry,  and  their 
backs  were  sharp  with  little  or  no  meat  on  their  bodies,  figs.  2  and  3. 


Fig.  2. — Four  pigs  fed  the  white- 
cap  corn  mixture.  (Ration  5)  These 
pigs  were  angular  and  had  an  un- 
even flesh  covering.  Two  ot'  these 
pigs  were  partially  blind;  one  died 
from  pneumonia. 


Fig.  3. — Poland  China  barrow  fed 
white-cap  corn  mixture  (Ration  5). 
Note  the  coarse  appearance  of  the 
hair,  the  dry  skin,  the  angularity  of 
conformation,  and  the  general  un- 
thriftiness.  This  animal  was  par- 
tially blind. 
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The  gains  and  feed  requirements  were  similar  for  those  indi- 
viduals which  finished  the  test  on  both  rations,  between  the  weight 
of  75  pounds  and  the  average  final  weight  of  184  pounds.  One  in- 
dividual fed  the  yellow  corn  ration  and  the  paired-mate  fed  the 
white-cap  corn  ration  were  fed  100  grams  of  dried  beef  liver  daily 
after  failing  to  gain  normally  during  the  first  10  weeks  of  feeding. 
Both  individuals  resumed  normal  growth  and  finished  the  feeding 
trial  in  excellent  condition.  Two  pigs  fed  the  white-cap  corn  ration 
had  pneumonia;  one  died  and  on  autopsy  its  lungs  were  found  to 
be  congested. 

COD  LIVER  OIL  AS  A  SUPPLEMENT  TO  WHITE-CAP  CORN 

Four  pairs  of  pigs  were  selected  for  a  study  of  the  value  of  adding 
2  per  cent  of  cod  liver  oil  to  the  white-cap  corn  ration.  One  member 
of  each  pair  was  fed  the  white-cap  corn  ration  and  the  other 
member  was  fed  the  white-cap  corn  mixture  with  2  per  cent  cod 
liver  oil,  rations  5  and  6,  table  1.  Between  an  average  initial  weight 
of  49  pounds  and  a  final  weight  of  73  pounds,  the  pigs  fed  the  white- 
cap  corn  mixture  with  2  per  cent  cod  liver  oil  made  0.04  pound  or 
9  per  cent  more  daily  gain,  and  required  16  pounds,  or  4  per  cent 
less  feed  for  each  100  pounds  of  gain,  than  the  pigs  fed  the  white- 
cap  corn  mixture  without  the  cod  liver  oil,  table  5. 

Table  5. — Gains,  weights,  feed  consumption,  and  economy  of  gains  of  4 
pairs  of  pigs  between  the  average  initial  weight  of  49  pounds  and  the 
average  final  weight  of  73  pounds.  One  member  of  each  pair  received 
white-cap  corn  and  the  other  member  received  white-cap  corn  with  2  per 
cent  of  cod  liver  oil. 


No. 

Final 

Initial 

Days 

Av.  Daily 

Av.  Daily 

Feed  Feb 

Ration 

Pigs 

Age 

Weight 

Weight 

On  Feed 

Gain 

Ration 

100  lb.  Gain 

days 

pounds 

pounds 

pounds 

pounds 

pounds 

White-cap 

4 

78 

72 

50 

51 

.43 

1.71 

396 

corn 

White-cap 

corn  and  cod 

4 

79 

7S 

49 

51 

.47 

1.79 

380 

liver  oil 

,  The  data  relating  to  the  gains  and  to  the  feed  requirements  of 
the  same  pigs  reported  in  table  5,  from  an  average  initial  weight 
of  49  pounds  to  an  average  final  weight  of  164  pounds,  are  reported 
in  table  6.  The  pigs  fed  the  white-cap  corn  without  cod  liver  oil 
made  0.04  pound  or  5  per  cent  more  daily  gain  with  22  pounds,  or 
5  per  cent  less  feed  than  the  pigs  fed  the  white-cap  corn  mixture 
plus  2  per  cent  of  cod  liver  oil.  While  indicating  a  slight  trend  in 
favor  of  the  cod  liver  oil  ration  at  the  lighter  body  weights,  these 
data  show  no  advantage  for  this  ration  over  the  entire  feeding 
period. 

In  general  appearance  there  were  no  distinct  differences  in  the 
individuals  fed  the  white-cap  corn  mixture  and  the  individuals  fed 
the  white-cap  corn  mixture  with  2  per  cent  cod  liver  oil.  The  pigs 
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Table  6. — Gains,  weights,  feed  consumption,  and  economy  of  gains  of 
the  same  4  pairs  of  pigs  as  in  table  5,  between  the  average  initial  weight 
of  49  pounds  and  the  average  final  weight  of  164  pounds.  One  member  of 
each  pair  received  white-cap  corn,  and  the  other  member  received  white- 
cap  corn  with  2  per  cent  of  cod  liver  oil. 


No. 

Final 

Initial 

Days 

Av.  Daily 

Av.  Daily 

Feed  Per 

Ration 

Pigs 

Age 

Weight 

Weight 

On  Feed 

Gain 

Ration 

100  LB.  Gain 

days 

pounds 

pounds 

pounds 

pounds 

pounds 

White-cap 

4 

78 

164 

50 

133 

.86 

3.44 

400 

com 

White-cap 

corn  and  cod 

4 

79 

158 

49 

133 

.82 

3.46 

422 

liver  oil 

fed  both  rations  were  angular  in  appearance,  sharp  over  the 
back,  lacked  a  uniform  meat  covering,  and  the  hair  coat  was  rough 
and  dry.  One  individual  fed  the  white-cap  corn  without  cod  liver 
oil  became  dizzy.  Another  pig  fed  the  same  mixture  was  sensitive 
in  the  joints  of  the  legs  and  vertebrae. 

The  eyes  of  the  four  pigs  fed  the  white-cap  corn  mixture  without 
cod  liver  oil  and  of  two  of  the  pigs  fed  the  white-cap  corn  mixture 
with  cod  liver  oil,  were  examined  with  an  opthalmoscope.  The  in- 
dividuals fed  white-cap  corn  had  changes  in  the  optic  nerve,  des- 
cribed as  papillary  edema  and  cloudiness  of  the  disc.  No  distinct 
changes  were  observed  in  the  pigs  fed  the  cod  liver  oil. 

HIGH  SOYBEAN  OILMEAL  vs.  HIGH  TANKAGE  MIXTURES 

A  comparison  was  made  of  a  high  soybean  oilmeal  and  low  tank- 
age ration  with  a  high  tankage  and  low  soybean  oilmeal  ration  for 
growing  pigs,  rations  3  and  4,  table  1.  These  pigs  were  fed  in 
matched  pairs;  one  member  of  each  pair  was  fed  the  high  soybean 
oilmeal  ration  and  the  other  member  was  fed  the  high  tankage  ra- 
tion. Two  experiments  were  conducted;  5  pairs  were  fed  during 
the  summer  months  and  6  pairs  were  fed  during  the  winter  months. 
The  data  are  presented  in  table  7. 

The  pigs  fed  the  high  soybean  oilmeal  mixture  during  the  sum- 
mer months  for  the  growing  period  between  the  initial  weights 

Table  7.— Gains,  weights,  feed  consumption,  and  economy  of  gain  of  11 
pairs  of  pigs  between  average  initial  weights  of  37  to  44  pounds,  and  the 
average  final  weight  of  75  pounds.  One  member  of  each  pair  received  a 
high  tankage  low  soybean  oilmeal  ration;  the  other  member  received  a 
low  tankage  high  soybean  oilmeal  ration. , 


Ration 


No. 
Pigs     Age 


FmAL      Initial      Days    Av.  Daily    Av.  Daily    Feed  Pp 
Weight    wl^tx  Om  Fkkd  ^Gain  Ration    100  lb.  Gain 


High  tankage 
High  soybean 
oilmeal 

High  tankage 
High  soybean 
oilmeal 


5 
5 


6 
6 


days 

91 
85 


93 
88 


pounds    pounds 

Beginning  July  1940 

74  44  45 

75  44  41 


pounds       pounds       pounds 


Beginning  December  1940 
75  37  75 

73  38  69 


.70 
.80 


.50 
.52 


2.05 
1.96 


1.72 
1.60 


293 
239 


339 
306 


8 


Pennsylvania  Agricultural  Experiment  Station 


and  the  average  final  weights  of  75  pounds  made  0.10  pound,  or 
14  per  cent  more  daily  gain,  and  required  54  pounds,  or  18  per 
cent  less  feed  for  each  100  pounds  gain  than  the  pigs  fed  the  high 
tankage  ration. 


Fig.  4. — Berkshire  sow  fed  yellow 
corn  in  a  high  soybean  oilmeal  and 
low  tankage  ration  (Ration  4).  Note 
smoothness,  width  of  back,  and 
depth  of  fleshing. 


Fig.  5. — Group  of  pigs  fed  yellow  corn  in  a  high  soybean  oilmeal  ration 
(Ration  4).  Note  depth  of  fleshing  and  smoothness. 
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Among  the  5  pairs,  4  pigs  fed  the  high  soybean  oilmeal  ration 
made  more  rapid  gains  and  required  less  feed  for  each  100  pounds 
of  gain  than  the  paired  mates  fed  the  high  tankage  ration. 

The  pigs  fed  the  high  soybean  oilmeal  ration  during  the  winter 
months  for  the  period  between  the  initial  weights  and  the  average 
final  weights  of  75  pounds,  made  0.02  pound  more  average  daily- 
gain  and  required  33  pounds,  or  10  per  cent  less  feed  for  each  100 
pounds  of  gain  than  the  pigs  fed  the  high  tankage  ration.  Of  the 
6  pairs,  every  pig  fed  the  high  soybean  oilmeal  ration  required 
less  feed  for  each  100  pounds  of  gain  than  the  paired  mates  fed 
the  high  tankage  ration. 

The  pigs  fed  the  high  soybean  oilmeal  ration  were  more  uni- 
formly fleshed,  were  not  so  narrow  over  the  top  line,  and  their 
hair  coats  were  not  so  coarse  and  dry  in  appearance,  figs.  4  and  5. 

The  pigs  were  continued  on  these  mixtures  to  final  weights  of 
approximately  139  and  150  pounds,  table  8.  The  pigs  which  were 
fed  the  high  soybean  oilmeal  ration  made  more  rapid  gains  and 
required  less  feed  for  each  100  pounds  of  gain  than  the  pigs  fed 
the  high  tankage  ration.  These  differences  were  not  so  great  as 
the  differences  found  in  the  comparison  of  the  pigs  fed  the  high 
soybean  oilmeal  and  the  high  tankage  ration  for  the  period  be- 
tween the  initial  weight  and  75  pounds. 

Table  8. — Gains,  weighls,  feed  consumption,  and  economy  of  gain  of  the 
same  1 1  pairs  of  oigs  as  in  table  7,  between  average  initial  weights  of  37 
and  44  pounds  and  average  final  weights  of  145  and  191  pounds.  One  mem- 
ber of  each  pair  received  a  ration  high  in  tankage;  the  other  member  re- 
ceived a  ration  high  in  soybean  oilmeal.  ^ 


Ration 


No. 
Pigs      Age 


Final 
Weight 


Initial       Days 
Weight  On  Feed 


Av.  Daily     Av.  Daily     Feed  Per 
Gain  Ration     100  lb.  Gain 


High   tankage  5 

High   soybean  5 
oilmeal 

High   tankage  6 

High  soybean  6 
oilmeal 


days      pounds    pounds 

Beginning  July  1940 
91  186  44  144  .99 

85  196  M  144  1.08 

Beginning  December  1940 
93  136  37  133  .74 

88  155  38  133  .87 


pounds        pounds       pounds 


4.08 
4.09 


2.67 
2.71 


412 
378 


361 
311 


DISCUSSION 

Six  experiments  with  a  total  of  80  pigs  were  conducted  to  de- 
termine the  value  of  sun-cured  alfalfa  meal,  compared  with  de- 
hydrated alfalfa  meal;  yellow  corn  compared  with  white-cap  corn; 
the  addition  of  cod  liver  oil  to  the  white-cap  corn  mixture  for  the 
young  growing  pig;  and  a  high  soybean  oilmeal  low  tankage  mix- 
ture, compared  with  a  high  tankage  low  soybean  oilmeal  mixture. 
A  total  of  18  pigs  were  fed  the  sun-cured  alfalfa  ration,  18  were  ted 
the  dehydrated  alfalfa  ration,  11  were  fed  the  high  tankage  ration, 
and  11  were  fed  the  high  soybean  oilmeal  ration,  13  were  ted  the 
white-cap  corn  ration,  and  5  were  fed  the  yellow  corn  ration. 
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The  feed  requirement  of  the  pigs  fed  dehydrated  alfalfa  meal 
was  less  than  that  of  the  pigs  fed  sun-cured  alfalfa  meal  for  the 
period  between  the  time  of  weaning  and  the  time  when  the  pigs 
weighed  75  pounds.  No  significant  differences  were  observed  in 
gains,  feed  requirements,  and  general  appearance  of  the  pigs  fed 
the  dehydrated  alfalfa  meal  mixture  and  the  sun-cured  alfalfa  meal 
mixture  when  the  whole  feeding  period  from  weaning  to  final 
weight  is  considered. 

When  white-cap  corn  replaced  yellow  corn  in  the  same  mixture, 
the  resulting  growth  and  development  indicated  that  the  nutri- 
tive requirements  of  the  pig  were  not  fulfilled.  Two  of  the  pigs  fed 
the  white-cap  corn  were  partially  blind.  One  died  from  pneu- 
monia. All  of  the  pigs  fed  the  white-cap  corn  ration  appeared 
emaciated  and  unhealthy.  The  addition  of  cod  liver  oil  did  not 
improve  the  white-cap  corn  ration  with  respect  to  growth.  How- 
ever, pigs  which  did  not  receive  cod  liver  oil  showed  pathological 
changes  in  the  eyes  which  are  attributed  to  a  deficiency  of  vita- 
min A. 

The  young  pigs  fed  a  mixture  containing  25  per  cent  soybean  oil- 
meal  and  13  per  cent  tankage  required  10  to  18  per  cent  less  feed  for 
each  100  pounds  of  gain  than  the  pigs  fed  the  mixture  containing  15 
per  cent  soybean  oilmeal  and  25  per  cent  tankage  for  the  period  be- 
tween the  time  of  weaning  and  the  time  the  pigs  weighed  75  pounds. 
The  nutritive  requirements  of  the  older  and  heavier  pigs  appeared 
to  be  satisfied  with  the  low  soybean  oilmeal  mixture. 

A  summary  of  some  of  the  observations  made  on  individual  pigs 
fed  the  various  rations  is  given  in  table  9. 

Table  9. — Summary:  Mortalities  and  Abnormalities. 


Total 

Number  of 

Number  of 

Pigs  Which 

Number  or 

Ration 

Pigs  Used 

Died 

Stiff  Pigs 

Remarks 

Sun-cured  alfalfa 

18 

2 

3 

Two  had  a  dermatitis  on  ears, 
tails,  and  legs.  All  had  indica- 
tions of  a  dermatitis. 

Dehydrated  alfalfa 

18 

none 

2 

Three  had  a  dermatitis  on 
ears,  tails,  and  legs.  All  had 
indications  of  a  dermatitis. 

High  tankage 

11 

none 

none 

All  had  indications  of  a  der- 
matitis. 

High  soybean  oilmeal       11 

none 

none 

Excellent  skin  condition. 

White-cap  corn 

5 

1 

2 

All  had  slight  dermatitis,  were 
emaciated,  and  had  sharp 
backs.  Two  developed  pneu- 
monia. Two  appeared  stiff. 

Yellow-corn 

5 

none 

none 

All  had  slight  dermatitis. 

White-cap  corn 

4 

none 

3 

All  had  a  slight  dermatitis, 
several  were  partially  blind, 
and  all  had  sharp  backs.  Three 
appeared  stiff  and  dizzy. 

White-cap  corn  and 

I            4 

none 

2 

All  had  a  slight  dermatitis  and 

cod  liver  oil 

sharp  backs.  Two  appeared 
stiff. 
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Thixotropy  is  the  reversible  isothermal  gel-sol  transformation  which  may  be 
brought  about  by  stirring,  shaking,  or  similar  procedures.  A  thorough  histori- 
cal treatment  of  thixotropy  is  not  necessary  here,  in  view  of  the  splendid  review 
article  written  by  H.  Freundlich  (3). 

Within  recent  years  the  glass  electrode  and  apparatus  to  be  used  in  connec- 
tion with  it  have  been  extensively  developed.  The  glass  electrode  is  the  only 
instrument  which  is  suitable  for  use  in  measuring  the  pH  of  materials  in  the 
gel  state;  accordingly,  it  is  now  possible  to  study  the  pH  changes  which  may 
accompany  the  first  gelation  of  a  gel-forming  material,  the  thixotropic  lique- 
faction, and  the  subsequent  re-gelation  of  the  sol  thus  produced. 

The  literature  reveals  a  number  of  studies  of  pH  changes  during  the  processes 
preceding  the  first  gelation  of  a  gel-forming  material  (1,  5,  7,  8,  9,  10),  but  none 
appears  to  have  been  made  during  the  complete  first  gelation  of  a  gel-forming 
material,  the  thixotropic  liquefaction,  and  the  re-gelation  of  the  sol  produced  by 
the  thixotropic  liquefaction.  We  shall  call  the  process  up  to  and  including  the 
first  gelation  ''primary  gelation*'  and  the  gelation  of  any  sol  originally  a  gel  but 
liquefied  by  shaking  "secondary  gelation." 

THEORETICAL   CONSIDERATIONS 

The  scaffolding  hypothesis  (4,  6,  11)  has  been  one  of  many  which  have  been 
advanced  to  describe  the  structure  of  thixotropic  gels.  According  to  it  the  gel 
consists  of  a  network  of  particles  aggregated  in  the  form  of  chains  and  cross 
chains,  the  particles  being  in  actual  contact.  This  structure  is  pictured  as  a 
scaffolding  extending  throughout  the  gel  and  providing  complete  molecular 
binding  from  one  side  of  the  container  to  the  other  (4).  There  is  some  experi- 
mental evidence  supporting  this  hypothesis  (4,  6,-11). 

It  is  a  well-known  fact  that  gels,  sols,  and  suspensions  of  particles  approach- 
ing colloidal  dimensions  have  very  large  surfaces  on  which  adsorption  could 
occur.  If  we  consider  the  scaffolding  hypothesis,  might  one  not  theorize  that 
when  particles  link  together  there  will  be  a  decrease  in  surface?  It  is  also  a 
well-known  fact  that  the  hydrogen  ion  is  often  very  actively  adsorbed,  and  thus 
one  might  expect  that  a  change  in  surface  would  bring  about  a  change  in  pH 
of  the  dispersion  medium,  provided  it  is  not  buffered  too  much.  If  during  pri- 
mary gelation,  thixotropic  liquefaction,  and  secondary  gelation  changes  in 
structure  produce  changes  in  surface  available  for  adsorption,  pH  changes  as 

1  Present  address:  Department  of  Chemistry,  Harvard  University,  Cambridge,  Massa- 
chusetts. 
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well  as  changes  in  ionic  activity  of  other  ions  might  possibly  be  expected.  The 
change  in  pH  might  be  sufficiently  large  to  be  measurable.  The  fact  that  other 
investigators  have  observed  pH  changes  during  the  early  processes  of  primary 
gelations  of  a  number  of  gels  (1,  5,  7,  8,  10)  might  also  lead  one  to  expect  pH 
changes  during  the  later  processes  of  primary  gelation,  the  thixotropic  liquefac- 
tion, and  the  secondary  gelation;  however,  the  pH  changes  noted  during  the 
initial  processes  of  primary  gelations  might  have  been  due  to  the  establishment 
of  equilibrium  conditions  after  the  mixing  of  the  gel  components  and  not  in 
any  w^ay  connected  with  the  formation  of  the  gel's  structure. 


EXPERIMENTAL   PROCEDURE 

The  systems  which  were  studied  were  thorium  molybdate,  bentonite,  and 
ferric  hydroxide.  The  gelation  time  of  each  system  was  determined  using  the 
inverted-tube  method.  It  was  realized  that  this  method  was  quite  arbitrary, 
but  it  has  been  used  many  times  in  investigations  of  thixotropy  and  is  convenient 
for  obtaining  relative  data.  Broughton  and  Squires  (2)  discussed  the  inverted- 
tube  method  and  concluded  that  it  was  capable  of  giving  consistent  results. 

It  was  necessary  to  determine  gelation  times  in  vials  of  the  same  size  as  those 
in  which  the  gel  was  to  be  placed  during  the  pH  determinations  (inside  height 
2.8  cm.,  inside  diameter  1.7  cm.),  since  the  time  of  re-gelation  of  a  thixotropic 
gel-forming  material  is  dependent  upon  the  amount  of  glass  surface  in  contact 
with  it  and  thus  upon  the  dimensions  of  the  vessel.  Glass  rods  were  made  of 
the  same  size  and  shape  as  the  glass  and  calomel  electrodes,  except  in  cases  when 
a  bridge  made  direct  contact  with  the  gel  in  place  of  the  calomel  electrode. 
Then  glass  rods  were  made  of  the  same  size  and  shape  as  the  glass  electrode  and 
the  end  of  the  bridge  dipping  into  the  gel.  The  false  glass  electrode  and  the 
false  calomel  electrode  or  bridge,  depending  upon  which  was  used  during  the 
pH  determinations,  were  placed  in  rubber  stoppers  so  that  they  could  be  held 
rigidly  in  the  gel  by  placing  the  rubber  stoppers  in  the  gelation  vials  during  the 
experiments  used  to  determine  the  gelation  times. 

In  all  experiments  the  temperatures  of  the  room  and  of  the  solutions  were 
kept  at  25°C.  ±1°. 

RESULTS 

Thorium  molybdate  system 

The  thorium  molybdate  gel-forming  system  was  prepared  by  thoroughly 
mixing  2  ml.  of  a  potassium  molybdate  solution  (12.000  g.  of  K2M0O4  per  hter), 
5  ml.  of  thorium  nitrate  solution  (55.481  g.  of  Th(N03)4-4H20  per  liter),  and 
0.5  ml.  of  distilled  water.  When  this  mixture  was  allowed  to  remain  undis- 
turbed, a  gel  showing  thixotropy  was  formed.  The  average  primary  gelation 
time  of  the  gel  was  found  to  be  24  min.  with  a  maximum  variation  of  3  niin.,  and 
the  average  secondary  gelation  time  25  min.  with  a  maximum  variation  of  3 

min. 

In  preliminary  attempts  to  measure  the  pH  changes  during  the  primary  gela- 
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tion,  thixotropic  liquefaction,  and  secondary  gelation,  the  saturated  calomel 
and  glass  electrodes  were  dipped  directly  into  the  gel-forming  thorium  molyb- 
date.  It  was  found  that  the  gel-forming  material  would  diffuse  into  the  calo- 
mel electrode  and  solidify  there,  thus  interfering  with  its  operation. 

It  was  obvious  that  some  way  must  be  found  to  avoid  direct  contact  between 
the  calomel  electrode  and  the  thorium  molybdate  gel-forming  system.  To 
accomplish  this  the  glass  electrode  was  placed  in  the  gel-forming  material  and  the 
calomel  electrode  in  a  separate  vessel  containing  a  saturated  potassium  chloride 
solution.  The  gel-forming  material  and  the  saturated  potassium  chloride  solu- 
tion were  connected  by  a  bridge.  An  agar  bridge  containing  a  saturated  po- 
tassium chloride  solution  did  not  give  satisfactory  results,  but  a  bridge  contain- 
ing thorium  molybdate  gel,  prepared  in  the  same  manner  as  the  gel-forming 
material,  did  solve  the  problem. 

In  pH  determinations  of  the  type  using  the  glass  and  saturated  calomel  elec- 
trodes, there  is  always  a  liquid- junction  potential  between  a  saturated  potas- 
sium chloride  solution  and  the  sample  whose  pH  is  desired.  This  liquid- junc- 
tion potential  is  kept  to  a  minimum,  because  the  transference  numbers  of  the 
potassium  and  the  chloride  ions  are  about  the  same  and  because  the  concentra- 
tion of  these  ions  is  much  larger  than  the  concentration  of  the  ions  of  the  system 
in  contact  with  the  saturated  potassium  chloride  solution.  For  this  reason  the 
diffusion  of  the  potassium  and  chloride  ions  chiefly  controls  the  liquid-junction 
potential.  In  the  experiments  with  the  thorium  molybdate  gel  bridge,  this 
liquid- junction  potential  occurred  between  the  thorium  molybdate  in  the  bridge 
and  the  saturated  potassium  chloride  solution.  In  the  use  of  the  glass  electrode 
we  are  required  to  correct  for  its  asymmetry  potential  by  standardization  with  a 
standard  buffer.  As  nearly  as  possible  the  liquid-junction  potentials  in  the 
standardization  and  in  the  actual  pH  determinations  should  be  about  the  same 
and  consist  of  one  junction  potential  between  the  saturated  potassium  chloride 
solution  and  the  sample  whose  pH  is  being  determined.  If  in  the  standardiza- 
tion the  gel-forming  thorium  molybdate  was  merely  replaced  with  the  standard 
buffer,  this  would  not  have  been  the  case,  as  there  would  have  been  junction 
potentials  between  the  saturated  potassium  chloride  solution  and  the  thorium 
molybdate  gel  in  the  bridge  and  between  the  same  material  in  the  bridge  and  the 
standard  buffer.  For  this  reason,  in  the  standardization  the  glass  and  calomel 
electrodes  were  dipped  directly  into  the  standard  buffer,  thus  giving  as  nearly  as 
possible  liquid-junction  potentials  similar  to  those  existing  in  the  actual  pH 
determinations. 

After  the  pH  meter  had  been  standardized,  the  gel  components  were  mixed, 
placed  in  the  bridges,  and  allowed  to  solidify  there.  Then  a  fresh  sample  of  the 
gel-forming  material  was  made,  2  ml.  of  the  mixture  was  pipetted  into  a  gela- 
tion vial,  and  the  pH  readings  were  taken  at  specific  times.  After  the  material 
had  been  a  gel  for  6  min.,  the  vial  with  its  gel  was  removed  from  the  bridge  and 
glass  electrode.  The  gel  was  liquefied  by  shaking,  and  the  first  pH  readings 
made  25  sec.  after  liquefaction  (removing,  shaking,  replacing  of  the  liquefied 
gel,  and  taking  of  the  first  pH  readings  required  about  1  min.).     The  readings 
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were  then  continued  during  the  secondary  gelation.  After  each  experiment 
with  this  system  had  been  completed,  the  pH  meter  was  checked  with  the  stand- 
ard buffer  to  make  certain  that  it  had  been  giving  correct  readings.  The  data 
given  in  table  1  are  representative  of  four  experiments  performed  on  the  thorium 
molybdate  system  using  this  method.    The  maximum  variation  in  each  group 

TABLE  1 
pH  changes  in  thixotropic  gel  systems 


TT\tl? 

pH  VALUES 

TlUt, 

Thorium  molybdate 
system 

Ferric  hydroxide 
system 

Bentonite  system 

minutes 

1 

2.57 

4.50 

4.87  1 

2 

2.58 

4.48 

4.87* 

3 

2.59 

4.47 

4.87 

4 

2.61 

4.46 

4.87 

. 

6 

2.61 

4.45 

4.87 

6 

2.62 

4.44 

7 

2.62 

4.44 

8 

2.62 

4.43 

»  Primary  gelation 

9 

2.62 

4.42 

10 

2.62 

4.42 

.  4.87 

15 

2.62 

4.41 

4.87 

20 

2.62 

4.40* 

4.87 

25 

2.62* 

4.40 

4.87 

30 

2.62 

4.40 

4.87  ^ 

Thixotropic  lique- 

faction of  all  gels 

31 

2.62 

4.40 

4.87  ' 

32 

2.62 

4.40 

4.87 

33 

2.62 

4.87 

34 
35 

2.62 
2.62 

4.40 

4.87 
4.87 

»  Secondary  gelation 

40 

2.62 

4.40t 

4.87 

45 

2.62 

4.40 

50 

2.62 

4.40 

4.87t 

55 

2.62t 

60 

2.62 

*  pH  at  approximate  primary  gelation  time, 
t  pH  at  approximate  secondary  gelation  time. 

of  four  pH  readings  taken  at  a  specific  time  after  each  experiment  was  started 
is  0.02  pH. 

Ferric  hydroxide  system 

The  ferric  hydroxide  gel-forming  system  was  prepared  by  mixing  10  ml.  of 
5  per  cent  ''Dialyzed  Iron''  (Merck)  with  5.3  ml.  of  distilled  water  and  then  add- 
ing to  this  1  ml.  of  0.493  N  sodium  hydroxide.     This  mixture  was  shaken  vigor- 
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ously,  and  when  it  was  set  aside  a  gel  showing  thixotropy  was  formed.  The 
average  primary  gelation  time  was  found  to  be  20  min.  and  the  average  second- 
ary gelation  time  10  min.,  both  with  a  maximum  variation  of  4  min. 

When  the  pH  readings  during  the  gelations  were  taken  by  placing  the  elec- 
trodes directly  in  the  gel-forming  mixture  without  any  precautions,  the  initial 
readings  of  each  experiment  differed  widely  and  non-reproducible  pH  changes 
upon  thixotropic  liquefaction  were  obtained.  These  difficulties  could  not  be 
corrected  by  using  bridges  in  the  manner  described  under  the  thorium  molyb- 

date  system. 

Two  things  had  to  be  done  in  order  to  obtain  initial  pH  readings  which  were 
identical  within  the  limits  of  error  (=t0.02  pH).  If  after  each  gelation  experi- 
ment the  glass  and  calomel  electrodes  were  placed  in  concentrated  hydrochloric 
acid  for  5  min.  and  then  washed  off  with  distilled  water,  the  initial  pH  readings 
when  the  electrodes  were  placed  in  the  gel-forming  material  were  the  sanae. 
It  was  thought  that  the  concentrated  hydrochloric  acid  dissolved  the  material 
which  had  been  strongly  adsorbed  from  previous  experiments  on  the  glass  elec- 
trode and  thus  interfered  with  its  operation.  It  was  also  discovered  that  if  the 
electrodes  had  been  in  standard  buffer  immediately  preceding  the  gelation  ex- 
periments erratic  initial  readings  were  obtained.  This  source  of  trouble  was 
eliminated  by  allowing  the  electrodes  to  remain  in  a  ferric  hydroxide  gel-form- 
ing system  for  an  hour  after  they  had  been  in  the  standard  buffer  and  before 
they  were  treated  with  concentrated  hydrochloric  acid. 

In  preliminary  experiments  the  procedure  used  during  the  thixotropic  Uque- 
faction  giving  inconsistent  results  was  the  following:  After  the  last  pH  reading 
during  the  primary  gelation,  the  gel  in  its  vial  was  removed  from  the  electrodes 
and  shaken.  The  electrodes  were  washed  off  with  distilled  water  and  the  excess 
water  removed  with  lens  paper.  The  electrodes  were  then  replaced  in  the 
liquefied  gel  and  the  pH  readings  were  taken  during  the  secondary  gelation. 
However,  when  the  electrodes  were  removed  from  the  gel  and  replaced  in  con- 
tact with  the  liquefied  gel  without  any  treatment,  the  variations  obtained  in  pH 
when  the  gel  was  shaken  disappeared. 

The  final  experimental  method  used  for  the  ferric  hydroxide  system  was  the 
following:  Before  each  set  of  gelation  experiments  the  glass  and  calomel  elec- 
trodes were  placed  in  concentrated  hydrochloric  acid  for  5  min.  and  then  washed 
off  with  distilled  water.  Using  a  standard  buffer,  the  Beckman  pH  Meter  was 
set  to  give  correct  readings.  The  electrodes  which  were  used  in  the  standardiza- 
tion were  placed  in  the  ferric  hydroxide  system  for  1  hr.,  treated  with  concen- 
trated hydrochloric  acid  for  5  min.,  and  washed  off  with  distilled  water.  They 
were  then  placed  in  3  ml.  of  the  freshly  prepared  gel-forming  mixture,  and  pH 
readings  were  taken  at  intervals  until  the  material  had  become  a  gel  and  con- 
stant pH  readings  were  obtained.  The  gel  and  its  vial  were  removed  from  the 
electrodes,  shaken  until  the  gel  liquefied,  and  replaced  in  contact  with  the  elec- 
trodes. The  first  reading  during  the  secondary  gelation  was  taken  25  sec. 
after  the  gel  was  liquefied  (the  removing  of  the  gel,  shaking,  replacing  of  the 
liquefied  gel,  and  taking  of  the  first  reading  required  about  1  min.).  The  pH 
readings  were  continued  for  about  10  min.  after  the  system  had  again  become 
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a  gel.  After  the  experiment  was  complete,  the  electrodes  were  removed  from 
the  gel  and  washed  off  with  distilled  water,  and  the  pH  meter  was  again  checked 
with  the  standard  buffer  to  show  that  correct  readings  had  been  obtained. 
The  complete  process  was  repeated  in  each  set  of  gelation  experiments.  The 
data  given  in  table  1  are  representative  of  four  experiments  performed  on  the 
ferric  hydroxide  system  using  the  above  method.  The  maximum  variation  in 
each  group  of  four  pH  readings  taken  at  a  specific  time  after  each  experiment 
was  started  was  0.02  pH. 

Bentonite  system 

The  bentonite  system  was  prepared  from  a  bentonite  suspension  made  by 
dispersing  20  g.  of  bentonite  (Volclay  from  the  American  Colloid  Company, 
Chicago,  Illinois)  in  1000  ml.  of  distilled  water.  This  dispersion  was  allowed 
to  settle  for  not  less  than  6  days  nor  more  than  3  weeks.  It  was  then  decant ed- 
from  the  settled  material  before  use.  To  900  ml.  of  this  decanted  suspension 
was  added  11  ml.  of  0.197  N  hj^drochloric  acid.  The  unacidified  bentonite  sus- 
pension had  a  pH  of  about  7.80;  thus  it  was  desirable  to  use  an  acid  bentonite 
suspension  to  prepare  the  systems  to  be  studied,  since  this  avoided  a  possible 
error  due  to  absorption  of  carbon  dioxide  from  the  air.  The  gelation  times  of  a 
number  of  systems  using  various  ratios  of  the  suspension,  2.5  N  potassium  chlo- 
ride, and  distilled  w^ater  were  determined  in  order  to  find  a  ratio  of  reagents  pro- 
ducing a  system  with  desirable  gelation  times.  A  system  having  an  average 
primary  gelation  time  of  2  min.  with  a  maximum  variation  of  2  min.  and  an 
average  secondary  gelation  time  of  20  min.  with  a  maximum  variation  of  5  min. 
was  made  by  diluting  200  ml.  of  the  acidified  bentonite  suspension  with  32.5 
ml.  of  distilled  water;  then  to  11.64  ml.  of  this  suspension  0.37  ml.  of  2.5  N  po- 
tassium chloride  solution  was  added  drop  by  drop  with  shaking.  The  diluted 
acidified  bentonite  suspension  used  above  contained  0.1233  g.  of  solid  material 

per  10  ml. 

The  pH  meter  was  set  to  give  correct  readings  by  using  a  standard  buffer, 
and  the  electrodes  were  thoroughly  washed  with  distilled  water.  Immediately 
after  the  gel-forming  mixture,  prepared  as  outlined  above,  was  made,  4  ml.  of  it 
was  pipetted  into  a  gelation  vial.  The  glass  and  calomel  electrodes  were  placed 
directly  in  the  mixture  and  the  pH  readings  were  taken  at  specific  times.  After 
the  material  had  been  a  gel  for  approximately  28  min.,  it  was  removed  from  the 
electrodes  and  liquefied  by  shaking.  During  the  thixotropic  hquefaction  the 
electrodes  were  not  treated  in  any  way.  They  were  replaced  and  the  first 
reading  during  the  secondary  gelation  was  taken  25  sec.  after  the  gel  was  lique- 
fied (the  removing  of  the  gel,  shaking,  replacing  of  the  liquefied  gel,  and  taking 
of  the  first  reading  required  about  1  min.).  The  pH  readings  were  continued 
until  the  material  had  undergone  secondary  gelation.  The  electrodes  were 
not  washed  off  with  distilled  water  nor  the  excess  gel  material  removed  in  any 
mechanical  way  before  a  new  sample  was  introduced.  Contrary  to  the  proce- 
dure used  in  investigating  the  other  systems,  the  pH  meter  was  not  checked  with 
the  standard  buffer  to  make  sure  that  it  had  been  giving  correct  readings  until 
all  the  gelation  experiments  had  been  completed;  it  seemed  that  a  treatment 
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similar  to  that  used  in  the  case  of  ferric  hydroxide  systems,  which  was  thought 
to  remove  the  standard  buffer  adsorbed  on  the  glass  electrode,  was  not  sufficient 
to  give  good  results  for  the  bentonite  system. 

The  data  given  in  table  1  are  representative  of  three  experiments  performed 
on  the  bentonite  system  using  the  above  method.  The  maximum  variation  in 
each  group  of  three  pH  readings  taken  at  a  specific  time  after  each  experiment 
was  started  is  0.03  pH. 

DISCUSSION   OF   RESULTS 

During  the  primary  gelation  the  pH  of  a  thorium  molybdate  system  increased 
from  2.57  to  2.62,  that  of  ferric  hydroxide  decreased  from  4.50  to  4.40,  and  that 
of  bentonite  remained  constant.  During  the  thixotropic  liquefactions  and 
secondary  gelations  no  changes  in  pH  of  any  of  the  three  systems  were  observed, 
using  the  glass  electrode. 

Prakash  and  Dhar  (8),  using  a  thorium  molybdate  system  also,  obtained  in- 
creases in  pH  (from  2.16  to  2.39)  with  a  quinhydrone  electrode  during  the  pre- 
liminary processes  of  primary  gelation  while  the  system  still  remained  a  sol. 
Their  system  was  prepared  by  mixing  10  ml.  of  a  thorium  nitrate  solution 
(48.1400  g.  per  liter)  and  2  ml.  of  a  potassium  molybdate  solution  (12.0000  g. 
per  liter).  In  the  preparation  of  the  authors'  system  more  potassium  molyb- 
date was  used,  so  it  seems  reasonable  that  their  system  would  be  more  alkaline 
than  that  of  Prakash  and  Dhar  (the  final  pH  of  the  authors'  system  was  2.62, 
as  compared  with  2.39).  However,  Prakash  and  Dhar  continued  pH  readings 
for  only  80  min.,  whereas  the  primary  gelation  time  of  their  gel  w^as  5  hr.  and  30 
min.  Their  last  readings  had  been  constant  for  10  min.  when  they  were  dis- 
continued. 

The  data  here  reported,  as  well  as  those  of  Prakash  and  Dhar,  disagree  with 
those  of  Prasad  and  Desai  (9)  who,  with  a  quinhydrone  electrode,  also  measured 
the  pH  changes  of  a  thorium  molybdate  system  during  the  early  stages  of  pri- 
mary gelation.  They  found  the  pH  constant  at  2.96.  Their  system  was  pre- 
pared by  mixing  5  ml.  of  a  thorium  nitrate  solution  (60  g.  per  Hter),  1  ml.  of 
potassium  molybdate  solution  (100  g.  per  liter),  and  4  ml.  of  water. 

In  the  case  of  the  ferric  hydroxide  system  Prakash  and  Dhar  (8)  found  an 
increase  in  pH  during  the  early  stages  of  primary  gelation  from  2.91  to  3.26. 
They  prepared  their  system  by  mixing  the  following  solutions:  6  ml.  of  M/2 
ferric  chloride,  3.75  ml.  of  2.84  A^  sodium  acetate,  1.5  ml.  of  4  A^  ammonium 
sulfate,  and  0.45  ml.  of  4.26  N  ammonium  hydroxide.  The  volume  was  made 
up  to  30  ml.  by  adding  water.  Perhaps  the  difference  in  the  direction  of  pH 
change  during  the  primary  gelations  might  be  due  to  the  fact  that  there  were 
different  ions  in  the  two  ferric  hydroxide  systems  which  were  undergoing  ad- 
sorption. 


SUMMARY 


1.  During  the  primary  gelations  ferric  hydroxide  and  thorium  molybdate 
gel-forming  systems  showed  pH  changes,  but  a  bentonite  system  showed  no  pH 
change. 
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2.  During  the  thixotropic  liquefaction  there  is  no  pH  change  within  the  limits 
of  experimental  error  in  the  cases  of  a  thorium  molybdate,  a  ferric  hydroxide, 
and  a  bentonite  gel. 

3.  During  the  secondary  gelation  there  is  no  change  in  pH  within  the  limits 
of  experimental  error  in  the  cases  of  a  thorium  molybdate,  a  ferric  hydroxide, 
and  a  bentonite  system. 
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A  CATALOGUE  OF  INSECTICIDES  AND 

FUNGICIDES 

For  the  past  year  we  have  been  engaged  in  survey- 
ing the  literature  and  cataloguing  all  materials  which 
have  been  tested  for  insecticidal  or  fungicidal  proper- 
ties. In  our  opinion  such  a  compilation  will  be  valu- 
able to  research  workers  and  students  in  the  fields  of 
agricultural  chemistry,  economic  entomology  and  plant 
pathology,  particularly  since  it  will  insure  a  minimum 
of  duplication  in  any  search  for  new  materials.  Ap- 
parently no  catalogue  of  this  nature  has  been  pre- 
pared up  to  the  present  time. 

Our  search  so  far  has  yielded  over  500  literature 
citations,  from  which  approximately  5,000  individual 
insecticidal  and  fungicidal  materials  have  been  cata- 
logued. It  is  obvious  that  the  usefulness  of  such  a 
catalogue  will  depend  upon  its  completeness.  While 
we  have  made  every  effort  to  cover  the  literature  com- 
pletely, there  are  undoubtedly  journal  articles,  bulle- 
tins and  other  less  widely  circulated  publications  which 
have  been  overlooked. 

In  this  connection,  therefore,  we  are  appealing  to 
all  workers  in  the  fields  mentioned  to  supply  the 
undersigned  with  any  unpublished  data,  reprints  or 
literature  citations  dealing  with  insecticidal  or  fungi- 
cidal tests  on  specific  materials,  so  that  all  such  mate- 
rials may  be  included  in  this  catalogue.  Particularly 
we  would  welcome  lists  of  materials  tested  by  indus- 
trial research  laboratories,  even  though  the  results  dis- 
closed may  be  of  a  negative  nature. 

Information  should  include  the  name  of  the  chemical 
compound,  its  formula,  the  name  of  the  test  organism 
and  a  general  statement  of  toxicity.  In  the  case  of 
plant  products,  the  scientific  name  as  well  as  the  por- 
tion of  the  plant  used  for  the  test  should  be  included. 
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It  is  our  intention  to  prepare  this  catalogue  for 

publication  as  soon  as  possible.    Because  of  the  size 

of  the  undertaking,  it  may  not  be  available  for  wide 

distribution,  but  each  bona  fide  contributor  will  be 

assured  of  a  copy.    We  shall  be  very  grateful  for  any 

comments  or  suggestion. 

Donald  E.  H.  Frear 

Department  or  Agricultural 
AND  Biological  Chemistry, 
The  Pennsylvania  State  College 
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SATISFACTORY  WAR-TIME  RATIONS 
FOR  PHEASANT  CHICKS^ 

W,  J.  Stadelman,  R.  R.  Murphy^  E.  W.  Callenbach 

and  R.  V.  Boucher 

The  Pennsylvania  State  College,  State  College,  Pennsylvania 


The  experiment  reported  here  was 
outlined  (winter  of  1941-42)  when 
scarcities  of  ingredients  used  in  rations 
for  poultry  and  game  birds  were  just 
being  recognized.  Critical  ingredients 
then  high  in  cost  or  difficult  to  obtain 
were  dried  milk  products,  meat  scraps, 
and  fish  meals.  Subsequently  the  quan- 
tities of  these  products  available  for 
livestock  and  poultry  rations  have  been 
limited  by  government  regulation.  Thus 
it  is  difficult  to  maintain  high  feeding 

*  Paper  No.  43,  Pennsylvania  Cooperative 
Wildlife  Research  Unit  (U.  S.  and  Wildlife 
Service,  The  Pennsylvania  State  College, 
Pennsylvania  Game  Commission,  and  Ameri- 
can Wildlife  Institute  cooperating).  Paper 
No.  1178,  journal  series,  of  the  Pennsylvania 
Agricultural  Experiment  Station. 


standards.  The  most  promising  pro- 
cedure appears  to  be  replacement  of  as 
much  of  the  animal  protein  feeds  as 
possible  with  more  plentiful  plant  pro- 
tein feeds. 

Some  of  the  nutritive  requirements  of 
ring-necked  pheasants  (Phasianus  col- 
chicus  torquatus)  have  been  determined. 
Callenbach  and  Hiller  (1933)  found 
their  protein  requirement  to  be  about 
28  per  cent.  Norris  and  others  (1936) 
obtained  greatest  growth  with  30  per 
cent  of  protein  in  the  ration,  but  levels 
down  to  24  per  cent  gave  satisfactory 
results.  The  mineral  tolerance  of  pheas- 
ants was  found  by  Skoglund  (1938)  to 
be  about  the  same  as  that  of  chickens. 
The  requirements  for  vitamin  D  (Baird 
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and  Greene,  1935)  and  for  riboflavin  tonseed  meal  or  corn  gluten  meal  for 

(Norris,  1934)  for  pheasants  are  higher  stimulating  growth  of  turkeys  when 

than  for  chickens.  each  was  fed  at  a  10  per  cent  level. 

Wheeler   (1899)   found  that  during  More  recently,   Irwin   and   Kempster 

early  stages  of  growth,  chicks  of  the  (1942)  tested  the  value  of  soybean  oil 

domestic    fowl    ate    more    and    grew  meal  in  rations  for  broiler  chickens, 

faster  on  a  ration  with  about  40  per  Levels  of  soybean  oil  meal  up  to  25  per 

cent  of  the  protein  from  animal  sources  cent  of  the  total  ration  produced  satis- 

than  on  other  rations  containing  smaller  factory  gains  when  combined  with  2 

percentages  of  animal  proteins  and  un-  per  cent  or  more  of  an  animal  protein 

corrected  for  phosphorus  and  other  min-  supplement. 

eral  elements.  Growth  was  both  ex-  Since  other  workers  found  soybean 
cellent  and  economical  when  bone  ash  oil  meal  to  be  a  satisfactory  substitute 
WAS  used  in  rations  of  high  plant  and  for  some  of  the  animal  protein  concen- 
low  animal  protein  content.  With  duck-  trates  for  chickens  and  turkeys,  it 
lings,  however,  results  were  poor  with  seemed  reasonable  to  assume  that  it 
supplemented  and  unsupplemented  high  could  serve  similarly  as  a  partial  source 
plant  protein  rations.  In  the  work  re-  of  protein  in  pheasant  rations.  The  re- 
ported by  Wheeler,  gluten  meal  and  searches  here  reported  tested,  under 
O.  P.  (old  process)  linseed  meal  were  practical  rearing  conditions,  pheasant 
used  as  plant  protein  replacements  for  starting  rations  that  contained  ap- 
animal  meal.  proximately   28   per  cent   of  protein, 

Phillips,  Carr  and  Kennard  (1920),  largely  from  ingredients  readily  obtain- 

working  with  chickens,  reported  growth  able  under  war-time  conditions, 
with  vegetable  protein  feedstuffs  com- 
parable  to  those  with  meat  scraps  if  the 

rations    were    balanced    properly    for         Eight  groups  of  125  day-old  ring- 
mineral  content.  necked   pheasant   chicks,   hatched   on 

Funk  and   Kempster   (1940)   found  May  7, 1942,  were  reared  to  six  weeks  of 

soybean  oil  meal  superior  to  either  cot-  age    in    10  X  12-foot    colony    brooder 

Table  1. — Composition  of  the  Rations  Fed 
(To  each  was  added:  salt,  0.5  lb.;  cod  liver  oil,  0.25  lb.;  and  MnSO*. 

0.0126  lb.  Each  ration  totalled  100.7625  pounds) 

Group  12  3  4  5  6  7  8 

Ground  yellow  corn  U.^  15.0  14.0  13.0  13.0  12.0  10.0  17.0 

Wheat  flourmiddlings  12.5  10.0  0.0  0.0  0.0  0.0  0.0  0.0 

Wheat  bran  15.0  10.0  10.0  10.0  10.0  10.0  10.0  10.0 

'         G^o^ndo"?^  10.0  10.0  10.0  10.0  10.0  10.0  10.0  10.0 

Alfalfa  leaf  meal  5.0  5.0  5.0  5^0  5.0  6^0  6^0  6.0 

D^fed'^ef  ^'     10:0     10.0     10.0     10.0     10.0       5.0       5.0 

S^i:fs'c7a7(%&tein)  1^0     20.0     16.0     12,0       8.0       5.0       3:o     12:0 

•      ^o^bea^n^^ilt^^^^^^  IT.S     20.0    25.0     30.0     30.0     35:0     40:0     25:0 

Bone  meal  —  jq      

Ground  limestone  — 
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Table  2. — Chemical  Analyses  of  Rations  Fed  (in  Percentages) 


Group 


6 


Moisture  8.43         7.93  8.48 

Ash  8.34  10.62  9.74 

Protein  29.31  27.56  28.38 

Ether  extract  5 .  09         4 .  68  4 .  32 

Fiber  6.39         5.78  5.87 

Calcium  1.72         2.08  2.46 

Phosphorus  1.26         1.33  1.46 

Manganese                    .0076       .0068  .0074 


8.56 
8.60 
28.25 
3.85 
6.23 
1.65 
1.15 
.0076 


8.31 
8.12 
28.31 
4.03 
6.30 
1.48 
1.09 
.0070 


7.86 
7.97 
28.56 
4.31 
6.24 
1.31 
1.03 
.0084 


8.89 
7.88 
29.00 
3.23 
6.81 
1.40 
0.92 
.0068 


8.92 
8.41 
29.06 
4.59 
6.25 
1.67 
1.20 
.0076 


Ca:P  ratio 


1.37:1     1.56:1     1.68:1     1.43:1     1.36:1     1.27:1     1.52:1     1.39:1 


houses  with  attached  sunporches.  The 
houses  were  equipped  with  electric 
brooders  and  the  usual  accessory  equip- 
ment for  satisfactory  brooding.  The 
chicks  were  weighed  as  groups  when 
placed  in  brooding  quarters  and  wing- 
banded  individually  when  2  weeks  old. 
They  were  weighed  individually  at  2, 
4,  and  6  wrecks  of  age,  on  scales  sensitive 
to  1  gram,  and  at  each  weighing  were 
examined  for  symptoms  of  perosis  and 
condition  of  feathering.  Records  were 
kept  of  daily  mortality  and  weekly  feed 
consumption. 

The  rations  offered  (Table  1)  were 
available  in  suitable  feeders  at  all  times. 
Water  and  chick-size  insoluble  grit  also 
were  supplied.  The  grit  was  sprinkled 
on  the  mash  at  each  feeding.  The  elec- 
tric brooders  were  removed  at  the  end 
of  the  fourth  week,  when  the  beaks  of 
all  birds  were  clipped  to  control  can- 
nibalism. 

The  ration  fed  Group  1  contained 
17.5  per  cent  of  soybean  oil  meal  in 
combination  with  dry  skim  milk,  meat 
scraps  and  menhaden  fish  meal;  this 
has  been  recommended  for  general  use 
by  Stadelman,  Murphy,  Callenbach 
and  Boucher  (1941).  In  each  of  the 
seven  other  rations,  dry  skim  milk  was 
replaced  by  dried  whey  or  a  combina- 
tion of  dried  whey  and  yeast.  The  fish 


meal  was  omitted  entirely  from  the  ra- 
tions of  Groups  2,  3  and  4,  the  protein 
being  supplied  by  variable  proportions 
of  meat  scraps  and  soybean  oil  meal.  In 
all  other  rations  the  protein  carriers — 
menhaden  fish  meal,  meat  scraps,  and 
soybean  oil  meal — were  used  in  various 
combinations.  The  total  protein  con- 
tent of  all  rations  was  calculated  to  be 
28  per  cent.  Exact  chemical  analyses 
are  given  in  Table  2. 

Results  and  Discussion 

All  the  rations  tested  produced  satis- 
factory game  birds.  The  average  body 
weights  (Table  3)  were  normal  for  ring- 
necked  pheasants  at  the  ages  indicated. 
At  six  weeks  of  age,  Groups  1,  5,  6  and  8 
were  slightly  heavier  than  the  other 
four,  but  none  of  the  differences  is  sta- 
tistically significant. 

A  factor  of  considerable  importance 
in  game  bird  production  is  the  quantity 
and  quality  of  feather  development  and 
maintenance,  described  here  as  feather 
condition.  In  this  respect  Group  7 
ranked  first,  closely  followed  by  Group 
1.  The  feathering  of  Groups  2  to  6  was 
about  the  same.  The  birds  of  Group  8 
were  poorest  in  feather  condition  at  six 
weeks  of  age,  due  almost  entirely  to 
feather  picking.  Birds  in  all  groups  were 
feathered  sufficiently  for  release. 
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Table  3. — Average  Individual  Body  Weights  (Grams). 


Group 

1 

'     2 

3 

4 

5 

6 

7 

8 

Day-old 

21 

21 

21 

21 

SI 

21 

21 

21 

2  weeks 

63 

62 

62 

61 

M 

68 

63 

69 

4  weeks 

167 

152 

156 

155 

164 

160 

154 

175 

6  weeks 

296 

279 

282 

275 

297 

293 

269 

294 

T 

ABLE  4. — 

Feed  Consumption 

PER  100  Birds  (Poun] 

DS) 

Group 

1 

2 

3 

4 

5 

6 

7 

8 

Week 

1 

11.8 

10.9 

10.8 

11.2 

11.0 

11.4 

11.4 

11.7 

2 

19.4 

19.8 

19.7 

19.3 

20.0 

19.5 

19.1 

18.7 

3 

25.6 

25.7 

26.9 

27.0 

29.3 

27.6 

26.9 

26.4 

4       . 

37.3 

36.6 

37.8 

38.1 

36.2 

39.0 

39.2 

38.1 

5 

43.1 

43.0 

44.0 

44.6 

46.9 

44.7 

43.0 

43.6 

6 

50.2 

52.7 

188.7 

54.4 
193.6 

55.0 
195.2 

56.6 
200.0 

59.2 
201.4 

53.6 
193.2 

53.0 

Totals 

187.4 

191.5 

Table  5.- 

-Pounds 

OF  Feed  Required  to  Produce 

One  Pound  of  Gain 

Group 

1 

2 

3 

4 

5 

6 

7 

8 

Period, 

weeks 

0-2 

3.4 

3.4 

3.4 

3.4 

3.3 

3.4 

3.3 

2.9 

2-4 

2.7 

3.1 

3.1 

3.2 

3.0 

3.1 

3.3 

2.8 

4-6 

3.3 

3.4 

3.6 

3.8 

3.5 

3.5 

3.8 

3.8 

0  4 

2.9 

3.2 

3.2 

3.2 

3.1 

3.2 

3.3 

2.8 

0-6 

3.1 

3.3 

3.4 

3.5 

3.3 

3.4 

3.5 

3.2 

T 

ABLE  6.— 

-Weekly 

Mortality 

PER  Group  of  125  Chicks  (Percentages) 

Group 

1 

2.4 

2 

3 

4 

5 

% 

f 

8 

Week 
1 

0.8 

3.2 

0.8 

0.8 

3.2 

0.0 

0.0 

2 

0.0 

0.8 

0.0 

2.4 

0.8 

4.0 

0.0 

0.0 

3 

1.6 

0.8 

0.0 

0.0 

0.0 

0.0 

0.8 

0.0 

4 

0.0 

0.8 

0.0 

0.8 

0.0 

0.0 

0.0 

0.0 

5 

0.8 

0.0 

0.0 

0.8 

0.8 

1.6 

0.0 

0.8 

6 

0.0 

0.8 

0.0 

0.0 

1.6 

0.0 

0.8 

0.8 

Total 

4.8 

4.0 

3.2 

4.8 

4.0 

8.8 

1.6 

1.6 

The  variation  in  total  consumption  of 
feed  was  very  slight  among  groups 
(Table  4),  the  widest  being  7  per  cent 
between  Groups  1  and  6.  None  of  the 
differences  is  significant.  Group  1  was 
most  efficient  in  feed  utilization,  but 
variations  between  groups  were  not  of 


sufficient  magnitude  to  be  of  primary 
importance ;  Groups  4  and  7  were  least 
efficient  (Table  5). 

Mortality  by  weekly  periods  is  given 
in  Table  6.  The  mortality  in  Group  6 
during  the  second  week  was  caused  by 
crowding  in  corners  of  the  pen.  Only 
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two  chicks  were  lost  by  cannibalism, 
both  in  Group  5  during  the  sixth  week. 
Livability  in  all  groups  was  quite  satis- 
factory, being  best  in  Groups  7  and  8 
where  only  two  chicks  each  were  lost 
during  the  entire  six  weeks. 

The  quality  of  the  birds  in  all  groups 
was  excellent.  There  were  no  signs  of 
perosis  or  dietary  deficiency  in  any 
group  and  no  stunted  birds  were  found 
at  the  end  of  the  experiment. 

The  results  indicate  that  in  pheasant 
starting  rations  soybean  oil  meal  can 
replace  large  proportions  of  the  usual 
animal  protein  supplements  and  that 
dried  whey  or  a  combination  of  dried 
whey  and  brewers'  dried  yeast  can  re- 
place dry  skim  milk. 

Summary 

Eight  groups  of  125  ring-necked 
pheasant  chicks  were  reared  to  six 
weeks  of  age  on  as  many  different  ra- 
tions. Records  were  kept  of  daily 
mortality,  weekly  consumption  of  feed, 
bi-weekly  weights,  and  feathering  con- 
ditio n. 

All  the  rations  tested,  including  one 
with  40  per  cent  of  soybean  oil  meal, 
were  excellent  for  rearing,  indicating  a 
much  wider  range  of  tolerance  with  re- 
spect to  sources  of  proteins  than  an- 
ticipated. 

The  selection  of  any  one  of  the  rations 
reported  should  be  based  primarily  on 
availability  and  relative  cost  of  the  in- 
gredients specified. 
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DIGEST 

This  paper  presents  a  laboratory  method  for  the  study 
of  the  deposition  and  retention  of  insecticide  and  fungi- 
cide sprays.  In  this  method  synthetic  surfaces  attached 
to  a  rotating  turntable  are  sprayed  with  an  atomizer 
type  sprayer,  to  which  is  attached  an  overhead  reservoir 
containing  the  spray  suspension.  The  effects  of  time, 
pressure,  concentration  of  toxicant,  and  type  of  sprayer 
were  investigated  in  connection  with  the  performance 
of  the  apparatus,  and  the  method  finally  evolved  was 
found  to  give  accurate  and  reproducible  results.  The 
plates  sprayed  by  this  method  may  be  readily  subjected 
to  artificial  weathering  tests,  and  retention  coefficients 
calculated.  Typical  results  are  given. 


Deposition  and  Retention  of  SpraysJIL 

Apparatus  and  Methods  for  Laboratory  Spraying/ 

Donald  E.  H.  Frear  t 

THE  MOST  IMPORTANT  CONSIDERATIONS  involved  in  the 
performance  of  any  insecticide  or  fungicide,  apart  from  the  in- 
herent toxicity  of  the  material  used,  are  the  amounts  of  toxicant 
deposited  and  retained  following  application.  A  highly  toxic  ma- 
terial may  fail  to  show  insect  or  disease  control  under  practical 
conditions  because  of  low  initial  deposition  or  poor  retention,  or  a 
combination  of  the  two.  Conversely,  a  substance  of  less  toxicity 
may  produce  satisfactory  control  because  of  its  superior  qualities 
of  deposition  and  retention. 

Since  this  is  true,  it  follows  that  an  increase  in  these  desirable 
qualities  should  be  one  goal  toward  which  research  workers,  par- 
ticularly those  in  the  field  of  insecticide  and  fungicide  chemistry, 
should  strive.  Materials  long  used  may  be  improved,  and  substances 
discarded  because  of  unsatisfactory  performance  may  be  rendered 

useful. 

Unfortunately,  the  problem  of  how  to  improve  the  qualities  of 
deposition  and  retention  of  insecticides  and  fungicides  is  neither 
simple  nor  easy.  There  are  two  obvious  ways  to  study  such  a  ques- 
tion; first,  by  a  routine  testing  of  a  large  number  of  possible  ma- 
terials in  all  manner  of  combinations,  a  tremendous  undertaking; 
or  second  by  the  application  of  knowledge  of  the  fundamental  pro- 
cesses involved  to  a  specific  problem.  The  latter  approach  certainly 
is  the  more  scientific  one.  However,  in  spite  of  a  great  deal  of  work 
on  the  subject,  knowledge  of  the  fundamental  principles  involved 
in  spray  deposition  and  retention  is  very  Hmited.  This  is  due  in 
some  measure,  at  least,  to  the  fact  that  field  experiments  as  usually 
conducted  are  lengthy  and  costly. 

Field  experiments,  although  they  may  be  expected  to  yield  re- 
sults of  a  definitely  practical  nature,  require  nearly  an  entire  grow- 
ing season,  as  well  as  rather  costly  and  laborious  chemical  analysis. 
Such  studies  have  been  reported  by  a  number  of  workers,  including 
the  author  (3  and  4).  Laboratory  studies  on  spray  deposition  and 
retention  are  quicker  and  more  readily  carried  out,  although  they 
do  not  always  correlate  with  the  results  secured  in  the  field  (6  and 
14).  Field  studies,  even  though  closely  controlled,  are  subject  to  a 
number  of  unknown  and  uncontrollable  variables,  while  labora- 
tory studies  may  be  carried  out  with  a  much  higher  degree  of  pre- 
cision. For  this  reason  laboratory  studies  are  to  be  preferred  in  any 
attempts  to  investigate  the  more  fundamental  aspects  of  the 
problem. 

•Authorized  for  publication  January  H.  1944.  nu^^i^trv 
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A  number  of  ingenious  devices  and  techniques  have  been  pro- 
posed for  laboratory  spray  studies.  None  of  these,  however,  exactly 
met  all  of  the  requirements  of  the  investigations  which  the  author 
had  in  mind.  Therefore,  about  eight  years  ago  work  was  begun  on 
apparatus  for  laboratory  spraying  which  would  more  nearly  meet 
the  specific  needs  of  spray  deposit  investigations.  During  the  fol- 
lowing years  the  apparatus  has  been  used  for  deposition  and  re- 
tention studies  on  both  insecticides  and  fungicides.  As  experience 
with  the  apparatus  increased,  changes  in  the  design  were  made,  so 
that  the  present  apparatus  now  represents  the  accumulated  ex- 
perience of  a  number  of  workers^  over  a  period  of  approximately 
eight  years.  It  is  the  purpose  of  this  paper  to  describe  this  appar- 
atus, and  to  give  some  information  as  to  its  performance  and  possi- 
bilities. It  is  hoped  that  the  presentation  of  this  information  will  be 
of  value  to  other  investigators  in  the  field. 

GENERAL  CONSIDERATIONS 

Definitions.— Before  entering  into  a  discussion  of  the  theoretical 
aspects  of  deposition  and  retention,  it  may  be  wise  to  define  the 
terms  used.  In  the  past  there  has  been  considerable  confusion  of 
terms  used  in  this  type  of  investigation.  The  terminology  used  in 
Ihis  paper  conforms  in  general  to  that  suggested  by  the  Committee 
on  Standardization  of  Fungicidal  Tests  of  the  American  Phyto- 
pathological  Society  (8),  except  for  the  term  retention.  Retention 
has  been  used  in  the  earher  papers  in  this  series  to  denote  the 
property  of  a  spray  deposit  to  resist  removal  by  weathering  and 
will  be  used  throughout  this  present  paper  in  reference  to  tenacity, 
the  term  preferred  by  the  committee. 

Theoretical  considerations.— Probably  the  best  way  to  discuss 
the  processes  involved  in  the  deposition  and  retention  of  a  spray  is 
to  use  a  concrete  example.  A  suspension  of  the  finely  divided  solid 
is  prepared  and  placed  in  the  spray  tank.  By  the  proper  appHcation 
of  a  mechanical  force  this  suspension  is  forced  through  an  orifice 
under  pressure  and  at  this  point  is  broken  up  into  droplets  of  var- 
ious sizes.  The  amount  of  the  flow  and  the  size  of  the  droplets  will 
depend  on  the  amount  of  force  (pressure)  appUed  to  the  liquid,  the 
size  and  conformation  of  the  nozzle  and  orifice,  the  physical  pro- 
perties of  the  hquid,  surface  tension,  viscosity,  etc.,  as  well  as  the 
temperature  and  humidity  of  the  air. 

Depending  on  the  particle  size  of  a  suspended  material,  such  as 
lead  arsenate,  each  droplet  may  contain  one  ot  more  particles  of 
the  suspended  solid.  During  their  passage  through  the  air  these 

1  A  number  of  persons  have  given  freely  of  their  advice  and  assistPnce  in  the  de- 
velopment of  this  apparatus.  Special  credit  should  be  given  to  H.  N.  Worthley.  H.  W. 
Thurston,  Jr.,  H.  J.  Miller,  H.  L.  King,  James  H.  Stewart,  R.  M.  Bovard,  and  John  B. 
Harry. 


Bulletin  463 — Deposition  and  Retention  of  Sprays 


droplets  may  lose  water  through  evaporation  unless  the  humidity 
is  100  per  cent.  Some  of  the  smaller  droplets  may  evaporate  com- 
pletely, leaving  the  solid  particles  of  suspended  material  free  to 
float  away.  A  certain  percentage  of  the  droplets  reach  the  target 
toward  which  they  were  directed.  Here  the  behavior  of  the  drop 
is  further  influenced  by  the  character  of  the  surface  against  which 
it  strikes.  In  a  remarkable  series  of  photographs,  Upholt  and  Hos- 
kins  (12)  have  illustrated  the  changes  in  conformation  of  droplets 
at  the  moment  of  impact  and  immediately  thereafter.  As  the  drop 
of  liquid  strikes  the  solid  surface  there  is  usually  a  more  or  less 
pronounced  rebound,  resulting  in  spattering  if  the  drop  is  of  suffi- 
cient size.  Following  this  there  is  a  subsidence,  during  which  time 
the  drop  assumes  a  characteristic  shape,  depending  on  the  composi- 
tion of  the  liquid  and  its  physical  properties  and  the  character  of 
the  surface.  The  extent  to  which  a  drop  spreads  on  the  surface  is 
the  resultant  of  these  forces,  the  surface  energy  of  the  solid,  the 
surface  tension  of  the  liquid,  and  the  wetting  and  spreading  ability 
of  the  liquid.  Eventually  these  come  to  equilibrium  and  form  a 
drop  pattern  characteristic  for  the  liquid  and  surface  involved. 

If  the  liquid  wets  the  solid  on  which  it  was  deposited,  it  tends  to 
spread  out  in  a  thin  film,  with  the  angle  of  contact  approaching 
zero.  If  the  liquid  does  not  wet  the  surface,  discrete  droplets,  more 
or  less  spherical  in  shape,  rest  on  the  surface  without  wetting  it.  In 
this  case  the  contact  angle  is  180  degrees.  The  surface  tension  of 
the  liquid  tends  to  pull  drops  into  the  shape  having  the  smallest 
surface  area,  the  sphere.  Intermediate  between  no  wetting  and 
complete  extension  of  the  drop  on  the  surface  there  are,  obviously, 
many  degrees  of  wetting  and  spreading. 

The  droplet  of  spray  suspension,  now  at  rest  on  the  surface  to 
which  it  has  fallen,  normally  begins  to  evaporate  at  once.  The  speed 
with  which  the  liquid  phase  is  evaporated  depends  upon  the  hu- 
midity of  the  atmosphere,  the  temperature,  the  vapor  pressure  of 
the  liquid,  and  the  free  surface  exposed.  As  evaporation  proceeds, 
the  ratio  between  suspended  soHds  to  liquid  becomes  progressively 
greater.  In  cases  where  the  liquid  phase  contains  dissolved  sub- 
stances as  well  as  suspended  material,  the  opportunities  for  chem- 
ical reactions  are  greatly  increased.  Gases  may  have  been  dissolved 
in  the  spray  droplets  in  their  passage  through  the  air,  and  these 
may  function  as  chemical  reactants  at  this  time. 

When  evaporation  becomes  complete,  the  dry  residue  consists 
of  the  solids  which  were  originally  suspended  or  dissolved  in  the 
liquid  phase.  These  particles  are  retained  by  the  surface  upon 
which  they  have  been  deposited  with  varying  degrees  of  tenacity. 
Among  the  factors  which  determine  the  degree  to  which  these 
particles  adhere  are  the  size  of  the  particles,  their  shape,  the  nature 
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of  the  particle  surface,  and  the  nature  of  the  surface  (substratum) 
upon  which  they  are  deposited.  When  subjected  to  weathering, 
which  includes  mechanical  abrasion,  rainfall,  dews,  and  atmos- 
pheric gases,  solubility  and  chemical  reactivity  play  an  important 
part,  along  with  the  other  factors  mentioned  in  determining  the 
amount  of  residue  retained  upon'^the  surface.  Moore  (10)  has  in- 
dicated that  in  some  cases  electrical  charges  on  the  particles  and  on 
the  substratum  may  have  a  significant  effect  in  determining  ad- 
herence. 

DESCRIPTION  AND  TESTS  OF  NEW  APPARATUS 

In  the  following  pages  is  presented  a  description  of  the  apparatus 
and  method  as  used  at  present  in  this  laboratory.  As  mentioned  pre- 
viously, this  apparatus  and  technique  represent  the  results  of  a 
number  of  trials  over  a  period  of  years  and  is  the  expression  of 
ideas  suggested  by  a  number  of  workers.  An  attempt  will  be  made 
to  characterize  the  performance  of  the  apparatus  and  to  demon- 
strate the  accuracy  and  reproducibility  of  the  laboratory  method 
as  a  whole.  It  is  hoped  that  this  information  will  be  of  some  use 
to  other  research  workers  and  will  stimulate  further  work  on  the 
subject  of  spray  deposition  and  retention. 

Apparatus. — Two  views  of  the  completed  apparatus  are  given  in 
figures  1  and  2.  The  principal  parts  are:  (1)  A  rotating  circular  table, 


Fig.  I. — Complete  spraying  apparatus,  showing  relation  of  rotating  turn- 
table to  atomizer  sprayer.  The  motor  and  driving  gears  are  located  under- 
neath the  turntable  and  are  not  visible. 
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Fig.  2. — Close-up  of  atom- 
izer sprayer  assembly,  show- 
ing reservoir  above  atomizer, 
stirring  motor,  and  connec- 
tions. The  large  flexible 
metal  hose  leading  down 
from  the  atomizer  is  used  to 
catch  the  spray  stream  when 
cleaning  the  atomizer. 


4  feet  in  diamter,  mounted 
on  a  central  vertical  shaft, 
and  rotated  at  a  speed  of  14 
revolutions  per  minute  by  a 
synchronous  motor  (one  six- 
teenth h.  p.)  connected  by  a 
belt  through  a  speed  reducer 
which  is  geared  directly  to 
the  shaft.  The  reducing 
gear,  motor,  and  bearings 
for  the  table  axle  are  bolted 
firmly  to  an  angle  iron 
frame  which  forms  a  base 
to  give  the  assembly  com- 
plete rigidity.  The  turntable 
is  made  of  one  piece  of  3  inch  plywood  cut  in  a  circle  4  feet  in  di- 
ameter. (2)  A  series  of  24  wooden  blocks  arranged  around  the  peri- 
phery of  the  wheel  on  its  top  surface.  These  blocks  are  beveled 
so  as  to  form  a  complete  circle,  with  their  outer  surfaces  cut  to 
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Fig.  3.— -Diagram  showing  the  arrangement  of  the  essential  parts  of  the 
laboratory  spraying  apparatus. 
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present  surfaces  approximately  5  inches  square  at  an  angle  of  45 
degrees  to  the  table  surface.  Figure  3  shows  a  vertical  section 
through  the  center  of  the  turntable. 

(3)  A  spray  nozzle,  mounted  so  that  the  spray  stream  is  directed 
at  right  angles  to  the  beveled  surface  of  the  block.  The  types  of 
nozzles  tested  will  be  discussed  in  more  detail  later.  The  surface 
to  be  sprayed  is  attached  to  the  beveled  surface  of  the  wheel,  spray- 
ed for  the  required  length  of  time,  dried,  removed,  and  the  deposit 
analyzed.  For  retention  studies  the  dried  deposit  is  subjected  to 
artificial  rainfall  usually  applied  through  the  same  nozzle  used  to 
apply  the  deposit.  This  also  will  be  discussed  in  more  detail  later. 
Types  of  experimental  surfaces  used.— A  wide  variety  of  sur- 
faces, both  natural  and  synthetic,  have  been  used  for  laboratory 
studies.  Many  workers  have  used  living  plant  surfaces,  particu- 
larly leaves  and  fruits.  In  such  tests,  the  plants  or  fruits  to  be  tested 
are  usually  rotated  in  the  stream  of  spray  and  the  residue  deter- 
mined by  mechanical,  chemical  or  biological  melans.  Swingle, 
Phillips,  and  Gahan  (12),  for  example,  used  living  leaves  and  New- 
comber  (11)  used  apple  fruits.  Many  other  workers  have  used  syn- 
thetic surfaces.  McCallen  and  Wilcoxon  (7)  used  glass  microscope 
slides,  Dawsey  et  al.  (2)  used  wax-coated  mica  plates,  Borden  and 
Hensill  (1)  wax-coated  bottles,  and  Horsfall  et  al.  (5)  and  a  number 
of  English  workers  have  used  glass  plates  covered  with  cellulose 
nitrate. 

Since  there  is  great  variation  among  natural  leaf  surfaces,  from 
species  to  species  and  even  from  leaf  to  leaf  on  the  same  plant,  such 
surfaces  introduce  an  undesirable  variable  in  laboratory  spraying 
experiments.  The  use  of  some  synthetic  surface  which  can  be  re- 
produced accurately  and  consistently  would  appear  to  offer  great 
advantages,  in  spite  of  the  fact  that  such  a  surface  probably  does 
not  correspond  exactly  to  any  known  natural  surface. 

In  the  tests  planned  for  this  apparatus  it  was  necessary  to  have 
relatively  large  areas  of  sprayed  surfaces  for  subsequent  analyses, 
thus  ruHng  out  microscope  shdes.  Prehminary  tests  were  made  on 
glass  plates,  and  on  several  types  of  synthetic  organic  surfaces. 
Glass  plates,  when  chemically  clean,  were  very  easily  wetted,  and 
hence  did  not  correspond  to  most  natural  surfaces.  Cellulose  ace- 
tate and  cellulose  nitrate  (celluloid  or  Pyralin)  sheets  were  also 
extensively  tested,  and  the  latter  was  found  to  be  the  most  suitable 
material.  The  droplet  pattern  on  sheets  of  this  substance  were 
comparable  to  those  observed  on  many  natural  surfaces;  it  was 
available  in  quantity  at  a  reasonable  cost,  and  lots  secured  at  dif- 
ferent times  were  found  to  have  very  uniform  properties.  The  com- 
mercial designation  of  the  material  used  for  all  subsequent  tests 
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was  colorless  Pyralin,  0.0125  inch  thick.  It  is  available  in  sheets  20 
by  50  inches  from  the  E.  I.  du  Pont  de  Nemours  and  Company,  and 
is  cut  into  plates  5  by  5  inches  just  before  use.  Rubber  gloves  are 
always  used  in  handling  and  cutting  the  sheets  to  avoid  contamina- 
tion. When  ready  for  analysis,  the  sprayed  plates  are  trimmed  to 
exactly  10  by  10  centimeters,  and  all  analyses  are  expressed  on  the 
basis  of  100  square  centimeters  of  surface. 

Types  of  sprayers  used. — Two  general  types  of  sprayers  have 
been  used  for  laboratory  studies  on  deposit.  The  first  more  widely 
used  type  is  based  on  the  well-known  atomizer  principle.  Most 
workers  using  such  a  sprayer  for  laboratory  studies  have  disre- 
garded certain  rather  obvious  sources  of  error  involved.  Com- 
monly the  receptacle  containing  the  liquid  to  be  atomized  is  below 
the  orifice  through  which  it  is  discharged.  In  the  case  of  a  homoge- 
neous liquid,  of  course,  the  liquid  discharged  has  the  same  composi- 
tion as  that  in  the  container  below.  With  a  solid  suspended  in  the 
liquid  however,  the  situation  is  not  so  simple.  Rarely,  if  ever,  are  the 
specific  gravities  of  the  suspended  phase  and  the  suspending  phase 
the  same.  In  the  case  of  most  solids  usually  used  for  spraying,  the 
specific  gravity  is  greater  than  that  of  the  suspending  liquid  (com- 
monly water),  and  hence  the  particles  have  a  tendency  to  settle 
to  the  bottom  of  the  container.  They  may  be  kept  in  a  more  or  less 
uniform  state  of  suspension  by  the  use  of  some  sort  of  mechanical 
stirrer.  This  is  usually  done.  However,  as  soon  as  the  suspension  is 
drawn  into  the  delivery  tube  it  is  removed  from  the  sphere  of  ac- 
tion of  the  stirrer,  and  the  heavy  particles  begin  to  settle  at  once 
due  to  the  force  of  gravity.  Acting  against  this  force  is  the  upward 
movement  of  the  suspension  caused  by  the  pull  from  above,  which 
tends  to  draw  both  phases  upward.  The  solid  particles,  however, 
move  upward  less  rapidly  than  the  hquid  phase.  This  may  be  ob- 
served readily  in  an  all-glass  apparatus.  The  result  of  this  phe- 
nomenon is  a  fractionation:  relatively  more  of  the  liquid  phase  and 
less  of  the  solid  phase  are  discharged  than  are  present  in  the  con- 
tainer. This  is  shown  conclusively  by  the  figures  in  table  1. 

The  figures  in  this  table  were  secured  as  follows:  one  liter  of  a 
suspension  of  lead  arsenate  was  prepared  and,  while  thoroughly 
stirred  with  a  mechanical  stirrer,  a  portion  was  sprayed  through  an 
adjustable  atomizer  type  spray  gun  (a  commercial  gun  made  for 
automobile  painting)  with  an  air  pressure  of  80  pounds  per  square 
inch.  Approximately  500  miUiliters  of  the  suspension  was  sprayed 
out  and  collected  in  a  tall  cyhnder  so  designated  as  to  catch  all  of 
the  spray  discharged.  Samples  of  both  the  collected  spray  and  the 
residue  remaining  in  the  original  container  were  thoroughly  stir- 
red, and  100  ml  aliquots  withdrawn  as  rapidly  as  possible  with  a 
pipette.  These  were  transferred  to  weighed  dishes,  dried,  and  the 
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•  V,  ^  ThP  .unction  tube  was  9  inches  long,  and  extended 
'::X^TSXo^^t:\Tl^er  bearer  used  to  hold  the  spray 

TheCres  in  table  1  indicate  ^^f  w^^^/^^^^^^^^^^ 

low  the  orifice,  the  composition  of  t^e  W  ^^^^^J^^^  ^^e  dis- 

decidedly  different  irom  that  of  the  o^^^^^^^^^  ^^^^-^^  ^^^^ 

charged  «P-y  havmg  on  t^e  -e^ge  °  J^.^,.  gther  tests  with 

suspended  solids  as  ^^^^^^^^'''^^..%y.^^  this  error  is  usually 
various  materials  have  demonstrated  that  this  error 

nresent  in  this  type  of  apparatus. 

the  atomizer  comparea  wun  i"^  _*-_:_or  ^ 

in  the  reservoi^i  reservoir  below  atomwer. 


Grams 

PbHAs04  PER 

Liter  of  Spray 

Suspension 


Grams 

PbHAs04  IN 

Collected 

Spray 

(as  calculated 

from  aliquot) 


3.6000 

3.6000 

3.6000 

3.6000 

10.8000 

10.8000 

10.8000 

10.8000 

Mean 


3.348 
3.320 
3.499 
3.466 
9.616 
9.580 
9.212 
9.209 


Grams 

PbHAs04  IN 

Spray  in 

Reservoir 

(as  calculated 

from  aliquot) 

3^605 

3.565 

3.587 

3.619 

11.025 

11.221 

10.827 

11.134 


Relative  Proportion  of 

PbHAsOi 
(original_suspensio^ 

"""^^T  ReservoiL. 


93.0 
92.2 
97.2 
96.3 
89.0 
88.7 
85.3 
85.3 

90.9 


100.1 
99.0 
99.6 
100.5 
102.1 
103.9 
100.3 
103.1 

101.1 


-  Some  workers  have  placed  the  reservoir  abov^        a    fngemlnt 
atomizer,  thus  reversing  the  gravi^^ationaleffeajh^^^^  g^ 

was  tried,  -^^f. ^,t?es,^^^^^^^^^^^  the  reser- 

viously  described.  The  '^^^""^^^fj'^oxicant  concentration  in  the 
voir  above  ^^e  ajomi^^^^^^^^^^^^^  ^^^  ^^^p,„,,,,  ,as 

spray  was  almost  exactly  ineb  suspension  remam- 

made  up,  the  average  being  100.7  per  cent,  ine  s    v 

run  when  the  reservoir  was  placed  above  the  ormceo  ^_^_ 

gun.  This  is  shown  in  figure  4,  in  ^^"^^.%^^!2nt  X^^^^^"*'  °^ 
Charge  500  ml  of  water  was  measure^^^^^^^^  ^^^.^  ^^ 

the  atomizer  gun  used.  This  adjustmem  g  ^  i^g  a  knurled 
liquid  to  air  in  the  discharge,  and  was  "J^^^^^^^^^^  the  reser- 
k^ob  on  the  gun.  ^-/^X"X   Trv\TabU^^^  of  the  time 

Tas^rents  in^:re  'i^t^:^:^^^^^^^ 


When  using  a  reservoir  with  a  diameter  of  15  cm  the  withdrawing 
of  1  liter  of  liquid  lowered  the  liquid  level  approximately  5  cm.  Ex- 
tensive tests  have  demonstrated  that  this  change  in  level  produced 
a  negligible  change  in  rate  of  discharge;  for  extreme  precision, 
however,  the  liquid  level  may  be  adjusted  to  correct  for  the  drop  in 
pressure  head  or  a  constant  level  device  may  be  used. 

Table  2. — Concentration  of  two  suspended  toxicants  in  the  collected  dis- 
charge from  the  atomizer  compared  with  the  concentration  in  the  suspen- 
sion remaining  in  the  reservoir;  reservoir  above  atomizer. 


Grams 

Graivis 

Toxicant 

' 

Toxicant  in 

in  Spray  in 

Relative  Proportion  or 

Collected 

Reservoir 

Toxicant 

rj¥iAA/r«;  ToxTrANT 

Spray  (as 

(as  calcu- 

(original suspension  =  100) 

Added  per  Liter  of 

calculated 

lated  from 

Collected 

Reservoir 

Spray  Suspension 

from  aliquot) 

aliquot) 

spray 

PbHAs04       3.6000 

3.60 

3.42 

100.0 

95.0 

3.59 

3.40 

99.7 

94.4 

3.68 

3.44 

102.2 

95.6 

3.70 

3.37 

102.8 

93.6 

PbHAs04     10.8000 

'  10.76 

10.60 

99.6 

98.1 

10.74 

10.46 

99.4 

96.9 

11.05 

10.41 

102.3 

96.4 

. 

11.01 

10.25 

101.9 

94.9 

Basicop          3.6000 

3.60 

3.51 

100.0 

97.5 

3.52 

3.42 

97.8 

95.0 

• 

3.68 

3.31 

102.2 

91.9 

% 

3.62 

3.37 

100.6 

93.6 

Basicop    -^10.8000 

10.91 

10.53 

101.0 

97.5 

10.98 

10.26 

101.7 

95.0 

10.74 

10.28 

99.4 

95.2 

10.88 

10.14 

100.7 

93.9 

Mean 

100.7 

95.3 

With  the  adjustable  atomizer,  which  is  commonly  employed  in 
all  studies  with  this  apparatus,  it  is  possible  to  standardize  the  de- 
livery volume  within  narrow  limits.  It  has  become  standard  prac- 
tice to  check  the  delivery  volume  for  a  given  period  of  time  before 
each  spraying,  as  well  as  to  use  the  same  volume  of  spray  suspen- 
sion in  the  reservoir  in  order  to  eUminate  possible  variations  in 

the  method. 

Having  determined  that  the  atomizer  type  sprayer  with  the 
reservoir  *ove  the  orifice  discharged  a  spray  having  the  same 
composition  as  the  original  mixture,  a  comparison  between  this 
tvpe  of  sprayer  and  a  positive  pressure  sprayer  was  made.  The 
positive  pressure  sprayer  is  used  almost  exclusively  m  commercial 
operations,  and  all  field  sprayers  are  based  on  this  Principle.  A 
miniature  pressure  sprayer  was  secured,  and  fitted  with  a  10-gal- 
lon  tank.  The  tank  was  equipped  with  a  mechanical  agitator 
which  gave  thorough  agitation  at  all  times.  The  pump,  a  single 
cylinder  model,  developed  a  maximum  of  300  pounds  per  square 
inch  pressure,  but  in  these  tests  was  used  at  100  pounds  per  square 
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I       23456789       10 
TURNS   OF  ADJUSTING    SCREW 

Fig.  4.— Relation  between  discharge  time  and  atomizer  adjustment.  Line 
A  represents  the  results  with  reservoir  below  atomizer;  line  B,  with  reser- 
voir above  atomizer.   Note  lack  of  consistency  in  line  A. 

inch.  The  nozzle  was  a  right  angle,  misting  type  with  an  orifice 
0.037  inch  in  diameter,  delivering  0.094  gallons  per  minute  at  100 
pounds  per  square  inch  pressure^. 

Using  this  outfit,  a  series  of  PyraUn  plates  were  sprayed  with  a 
suspension  of  4  pounds  of  Bordow  per  100  gallons.  Five  plates 
were  sprayed  one  revolution  of  the  wheel,  5  for  two  revolutions, 
f)  for  three  revolutions,  and  5  for  four  revolutions  on  six  different 
days.  The  plates  were  analyzed  for  copper,  and  the  standard  devia- 
tions calculated.  For  comparison,  the  same  procedure  was  repeated 
using  the  atomizer  type  spray  gun  mentioned  previously,  using  80 
pounds  per  square  inch  air  pressure.  The  results  are  given  in  table 
3.  Each  figure  represents  the  average  of  five  plates,  although  the 

=»  Nozzle  type  T-68037.  manufactured  by  Spray  Engineering  Co.,  Somerville,  Mass. 
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standard  deviation  and  group  averages  were  calculated  from  the 
individual  data. 

From  table  3  it  is  apparent  that  the  atomizer  sprayer  gave  much 
more  uniform  and  reproducible  data.  The  standard  deviation  of  the 
atomizer  sprayed  plates  varied  from  4.6  to  10.9  per  cent  of  the  mean 
values;  for  the  positive  pressure  apparatus  the  standard  deviations 
ranged  from  10.8  to  18.4  per  cent  of  the  mean  values. 

In  order  to  compare  the  reproducibility  of  this  method  of  spray- 
ing with  the  settling  tower  method  of  McCallan  and  Wilcoxon  (7), 
coefficients  of  variation  were  calculated  in  the  same  manner  as  re- 
ported by  these  authors.  The  coefficient  of  variation  between  repli- 
cate tests  (different  times)  on  the  rotating  table  was  69.3  for  the 
positive  pressure  apparatus  and  16.3  for  the  atomizer.  This  latter 
figure  is  approximately  equal  to  the  similar  value  obtained  by 
McCallan  and  Wilcoxon  for  their  settling  tower  technique.  The 
coefficient  of  variation  between  plates  sprayed  at  the  same  time 
was  5.8  for  the  positive  pressure,  and  5.4  for  the  atomizer  sprayer, 
figures  which  are  again  approximately  the  same  as  those  obtained 
by  the  settling  tower  method.  This  method  of  statistical  analysis 
further  indicates  the  superiority  of  the  atomizer  as  a  spraying 
apparatus  over  the  positive  pressure  type. 

On  the  basis  of  these  results,  the  atomizer  type  sprayer  with  the 
reservoir  above  the  orifice  was  adopted  as  giving  the  most  con- 
sistent and  reproducible  results. 

Table  3.— Uniformity  tests  conducted  with  4  pounds  Bordow  per  100  gal- 
lons of  spray  suspension;  average  amounts  of  copper  deposited  on  5  plates. 


1  Revolution 

2  Revolutions 

3  Revolutions 

4  Revolutions 

(micrograms 

(micrograms 

(micrograms 

(micrograms 

per  plate) 

per  plate)              pei 
Positive  Pressure 

r  plate) 

per  plate) 

Pump 

120 

176 

236 

293 

108 

163 

225 

289 

83 

133 

187 

267 

73 

133 

161 

227 

83 

150 

200 

255 

93 

151 

193 

208 

True  mean 

93 

151 

Ator 

203 

256 

nizer 

98 

164 

234 

287 

96 

192 

225 

287 

98 

175 

245 

311 

125 

163 

245 

314 

106 

168 

236 

294 

104 

156 

218 

288 

True  mean 

104 

170 

234 

297 

Standard 

Deviation: 
Positive  Pressure        17.2 

16.3 

26.0 

•4  €\      A 

34.4 
13.8 

Atomizer 

11.3 

12.2 

13.4 
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POUNDS       PRESSURE 
Fig.  5.— Relation  between  discharge  rate  and  air  pressure  using  atomizer 
sprayer  with  reservoir  above  outlet. 

Effect  of  air  pressure.— In  order  to  ascertain  the  relation  be- 
tween air  pressure  and  delivery  of  spray,  the  atomizer  gun  was 
calibrated  at  different  pressures  by  quantitatively  collecting  the 
discharge  and  measuring  its  volume.  This  calibration  is  shown  in 
figure  5.  Water  was  used  as  the  liquid  in  this  test.  It  may  be  seen 
that  the  volume  of  liquid  was  directly  related  to  the  air  pressure, 
although  the  line  is  slightly  curved,  indicating  a  lower  efficiency 
as  the  pressure  increased. 

A  series  of  Pyralin  plates  sprayed  at  different  pressures  indi- 
cated that  increased  delivery  does  not  necessarily  result  in  in- 
creased deposit.  This  is  shown  in  figure  6.  In  this  test  the  plates 
were  sprayed  with  a  suspension  of  3  pounds  of  Bordow  per  100 

300 


20 


100 


40        60       80 
POUNDS  PRESSURE 

Fig.  6. — Relation  between  air  pressure  and  amount  of  spray  deposit  on 
Pyralin  plates. 
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gallons  for  3  revolutions  of  the  rotating  table.  It  may  be  seen  from 
this  figure  that  the  amount  of  toxicant  deposited  on  the  plates  in- 
creased rather  regularly  up  to  and  including  80  pounds  per  square 
inch  air  pressure,  and  then  decreased  at  100  pounds  pressure.  Ap- 
parently this  phenomenon  was  caused  by  a  deformation  of  the 
spray  cone  at  the  higher  pressure.  Eighty  pounds  per  square  inch 
was  selected  as  standard  for  all  subsequent  experiments,  since  it 
appeared  to  give  maximum  deposit  on  Pyralin  plates. 

Effect  of  concentration. — The  effect  of  concentration  of  toxicant 
in  the  spray  suspension  on  the  amount  deposited  upon  Pyralin 
plates  is  shown  in  figure  7.  Bordow  was  used  as  the  suspended  ma- 
teriaMn  these  tests.  There  appears  to  be  a  regular  increase  in 
deposit  with  increases  in  concentration,  but,  as  in  the  case  of  the 
pressure  changes,  the  response  is  not  linear;  that  is,  2  pounds  of 
toxicant  per  100  gallons  gave  a  deposit  of  approximately  130  micro- 
grams of  copper  per  plate,  while  4  pounds  gave  only  240  micro- 
grams. The  curve,  however,  is  very  regular.  Since  the  concen- 
tration of  toxicant  may  be  varied  to  suit  the  type  of  experiment, 
this  factor  has  not  been  standardized,  but  it  has  been  the  custom 

600 


I 


3      4       5      6      7       8      9      10     II     12 

POUNDS  PER   100    GALLONS 
Fig.  7.— Relation  between  concentration  of  suspended  solids  in  spray- 
mixture  and  amount  of  spray  deposited  on  Pyralin  plates. 
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^of  r>.atPrials  at  concentrations  normally  used  in  the  field— 
tZlyt^X^rSs^rm  gallons.  Lots  for  laboratory  spray- 
ing  are  usually  made  in  1-  or  2-liter  quantities, 
mg  are  u         y  ^here  has  been  considerable  dis- 

LTpSe  »e*ev  tattn  rSu,r.»  approximately  four  seconds, 
tual  practice  o  ,    ,he  course  of  deposit  on  Pyralin 

pl^?eXrrayed  w  th  -uSSon  conU,lnlng  3  Pounds  o.Bo»,x,w 
ner  100  BaUons.   This  material  has  the  property  »' '°™'"J,?' 
?rie  droplets  upon  the  sprayed  surface  withou   »^"'"8  '  '  "*J^e 
?han  a  continuous  Blm.  When  sprayed  on  a  surface,  therefore,  the 


8      9      10     II      12    13     14     15     16    I'     «S  "920 
REVOLUTIONS 

B  bordelSrcontinuous  or  film-type  deposit. 


droplets  grow  larger  and  larger  as  the  spraying  time  is  increased, 
up  to  the  point  where  they  become  so  large  that  they  run  off  due 
to  gravitational  pull.  In  figure  8  this  process  is  readily  seen,  the 
deposit  increasing  in  a  regular  manner  up  to  6  revolutions.  On  the 
seventh  revolution  some  run-off  occurred,  the  deposit  decreasing 
slightly  for  this  reason.  During  the  eighth  and  ninth  revolutions 
this  process  continued,  until  practically  all  of  the  large  droplets 
had  left  the  plate  through  run-off,  leaving  large  areas  of  the  plate 
free  from  spray.  These  areas,  consisting  mainly  of  dry  plate  sur- 
face, accepted  additional  small  droplets  of  spray,  and  the  process 
reached  an  equilibrium,  run-off  being  equal  to  deposit. 

The  process  of  deposit  is  also  shown  in  figure  9,  in  which  a  series 
of  photomicrographs  of  the  deposits  presented  in  figure  8,  line  A, 
are  shown.  The  progress  of  the  build-up  is  clearly  visible,  as  well 
as  the  "channeling"  and  secondary  deposit  on  the  cleared  areas  in 
the  plates  receiving  10  and  12  revolutions. 

In  line  B,  figure  8,  the  course  of  deposit  for  a  material  which 
forms  a  continuous  film-type  coverage  is  shown.  In  this  case  a 
3-6-100  bordeaux  mixture  was  used.  Here  there  was  a  rather  ir- 
regular build-up  of  deposit  which  continued  as  long  as  the  spray 
was  applied. 

These  two  materials  are  by  no  means  representative  of  all  of  the 
insecticide  and  fungicide  sprays  used;  rather  these  results  are 
presented  to  illustrate  possible  future  studies  which  may  prove  of 
interest.  The  results  certainly  indicate  that  spraying  beyond  the 
point  of  run-off  may  produce  quite  variable  amounts  of  deposit. 

Retention  studies. — The  apparatus  described  in  this  paper  was 
originally  designed  to  be  used  for  retention  studies  on  insecti- 
cide and  fungicide  deposits,  and  has  been  used  mainly  for  this  type 
of  investigations  (9  and  14).  A  description  of  the  method  of  opera- 
tion and  the  presentation  of  typical  results  may  be  of  interest. 

Pyralin  plates,  sprayed  with  the  desired  concentration  of  insec- 
ticide or  fungicide  as  described  in  the  earlier  portion  of  this  paper, 
are  allowed  to  dry  and  are  then  sprayed  with  measured  amounts 
of  water  delivered  through  the  atomizer  nozzle.  The  table  upon 
which  the  plates  are  fastened  is,  or  course,  rotated  during  this 
process,  as  in  the  spraying  procedure.  The  plates  are  allowed  to 
dry,  some  are  removed  for  analysis,  and  the  remainder  subjected 
to  washing.  Usually  three  applications  of  water  have  been  made, 
500,  1500,  and  3500  ml  of  distilled  water  being  used  to  wash  the 
plates.  It  is  possible  by  the  use  of  a  suitable  collection  box  to 
measure  the  amount  of  water  striking  each  plate.  In  general, 
the  deposits  of  most  of  the  less  adhesive  materials  are  reduced 
to  roughly  one-third  after  washing  with  3500  ml  of  distilled  water. 
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Fig.  9.-Photomicrographs  of  spray  deposits  Bok^^^^^^ 

^!,  rl^^lSrdV^n^VSIhf  sTrt^^^^^^^^^^^^  increase  in 

droplet  size  and  ultimate  run-off. 
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Fig.  10. — Relation  between  retention  of  various  types  of  spray  deposit 
and  amount  of  washing. 

Typical  results  for  four  materials  are  given  in  figure  10.  It  will 
be  noted  that  in  comparison  with  the  other  materials  tested,  bor- 
deaux mixture  exhibited  a  high  degree  of  retention.  The  two  com- 
mercial basic  copper  sulfates  were  retained  to  a  less  extent,  and 
lead  arsenate  least  of  all. 
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Fig.  11.— Typical  results  from  a  study  of  retention  using  a  commercial 
copper  fungicide  with  and  without  adhesive  agents. 
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This  method  of  testing  is  also  well  adapted  to  the  study  of  spray 
adiuvants,  particularly  adhesive  agents.  Figure  11  shows  the  re- 
sults of  a  typical  retention  study,  in  which  a  commercial  copper 
fungicide,  Basicop,  was  combined  with  three  different  adhesives. 
The  differences  between  the  fungicide  alone  and  when  used  in 
combination  with  bentonite,  starch,  and  dextrin  are  obvious.  Com- 
parative studies  of  a  similar  nature  on  several  insecticides  and 
fungicides  are  under  way,  using  a  large  number  of  adhesives. 
Results  of  this  work  will  be  published  in  the  near  future. 
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ONE  of  the  most  important  methods  for  producing  wood 
pulp  for  paper  manufacture  involves  the  digestion  of 
wood  chips  by  a  sulfite  solution.  As  a  result  the  lignin 
of  the  wood  is  rendered  soluble  and  leaves  cellulose  as  a  residue. 
After  digestion  is  completed,  the  spent  liquor,  usually  referred 
to  as  waste  sulfite  liquor,  is  a  dark  colored  solution  consisting 
mainly  of  lignin  sulfonate,  some  carbohydrate  materials  which 
were  originally  present  in  and  dissolved  from  the  wood,  and  a 
small  amount  of  ash-forming  elements.  The  utilization  of 
waste  sulfite  liquor,  instead  of  its  discharge  into  streams,  is 
an  involved  problem  worthy  of  serious  study. 

It  has  been  estimated  that  the  annual  discharge  of  waste 
sulfite  liquor  in  the  United  States  approximates  27,000,000  tons, 
representing  more  than  1,500,000  tons  of  lignin  (6).  These 
figures  are  in  substantial  agreement  with  more  recent  estimates 
submitted  by  Bollen  (;?).  Various  investigations  leading  to 
the  utilization  of  this  material  over  a  long  period  have  not  met 
with  any  considerable  degree  of  success,  although  some  progress 
has  been  made.  A  series  of  investigations  was  therefore  under- 
taken to  study  the  possibilities  of  this  waste  material,  including 
its  effect  on  soil  structure  and  plant  growth. 

In  the  past  the  bulkiness  of  the  waste  product,  together  with 
the  presence  of  certain  deleterious  components,  has  constituted 
an  obstacle  to  its  possible  use  as  a  soil  amendment.  Now,  how- 
ever, it  is  being  modified  by  chemical  treatment  which  eliminates 
the  more  deleterious  components,  and  is  being  concentrated 
by  multiple-effect  evaporation  to  a  finished  solution  (Clarion  ex- 
tract) containing  50%  dissolved  solids.  This  material,  as  pre- 
pared by  the  Castanea  Paper  Company,  was  used  for  the  experi- 
mental work  and  approximated  6%  of  ash,  4%  nonfermentable 
carbohydrates,  5%  fermentable  carbohydrates,  and  35%  lignin. 
The  carbohydrate  and  lignin  fractions  were  determined  by  the 
Partansky  and  Benson  methods  (4)' 

Although   the   material   contains  some  calcium,   potassium, 
sulfur  and  certain  other  elements  essential  to  plant  growth,  it 
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18  _^ 

Thi^^i^ith^d^ft^  is  also  well  adapted  to  the  study  of  spray 

S:."  et:  Btxct^rsrjS  witftht:  different  adhesives. 
The  S^e^fnces  b;tween  the  fungicide  alone  and  when  used  in 
Jom^Sn  ^Uh  bentonite,  starch,  and  ^extnn  ^  o^^^^^^^^^^^ 

SSefa^funt:  tTru^^^^^^^^ 

Results  of  this  work  will  be  pubhshed  in  the  near  future. 
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ONE  of  the  most  important  methods  for  producing  wood 
pulp  for  paper  manufacture  involves  the  digestion  of 
wood  chips  by  a  sulfite  solution.  As  a  result  the  lignin 
of  the  wood  is  rendered  soluble  and  leaves  cellulose  as  a  residue. 
After  digestion  is  completed,  the  spent  liquor,  usually  referred 
to  as  waste  sulfite  liquor,  is  a  dark  colored  solution  consisting 
mainly  of  lignin  sulfonate,  some  carbohydrate  materials  which 
were  originally  present  in  and  dissolved  from  the  wood,  and  a 
small  amount  of  ash-forming  elements.  The  utilization  of 
waste  sulfite  liquor,  instead  of  its  discharge  into  streams,  is 
an  involved  problem  worthy  of  serious  study. 

It  has  been  estimated  that  the  annual  discharge  of  waste 
sulfite  liquor  in  the  United  States  approximates  27,000,000  tons, 
representing  more  than  1,500,000  tons  of  lignin  {6).  These 
figures  are  in  substantial  agreement  with  more  recent  estimates 
submitted  by  Bollen  (;?).  Various  investigations  leading  to 
the  utilization  of  this  material  over  a  long  period  have  not  met 
with  any  considerable  degree  of  success,  although  some  progress 
has  been  made.  A  series  of  investigations  was  therefore  under- 
taken to  study  the  possibilities  of  this  waste  material,  including 
its  effect  on  soil  structure  and  plant  growth. 

In  the  past  the  bulkiness  of  the  waste  product,  together  with 
the  presence  of  certain  deleterious  components,  has  constituted 
an  obstacle  to  its  possible  use  as  a  soil  amendment.  Now,  how- 
ever, it  is  being  modified  by  chemical  treatment  which  eliminates 
the  more  deleterious  components,  and  is  being  concentrated 
by  multiple-effect  evaporation  to  a  finished  solution  (Clarion  ex- 
tract) containing  50%  dissolved  solids.  This  material,  as  pre- 
pared by  the  Castanea  Paper  Company,  was  used  for  the  experi- 
mental work  and  approximated  6%  of  ash,  4%  nonfermentable 
carbohydrates,  5%  fermentable  carbohydrates,  and  35%  lignin. 
The  carbohydrate  and  lignin  fractions  were  determined  by  the 
Partansky  and  Benson  methods  (4). 

Although  the  material  contains  some  calcium,  potassium, 
sulfur  and  certain  other  elements  essential  to  plant  growth,  it 
would  not  be  classed  as  a  fertUizer.  Its  lignin  and  carbohydrate 
fractions,  however,  offer  possibUities  as  agents  for  improving 
the  structural  properties  of  soUs  through  bacterial  action  and 
add  to  the  humus  supply  through  the  formation  of  bacterial 
protein-lignin  complexes. 

EFFECT  ON  FRESHLY  PLOWED  SOILS 

The  first  series  of  experiments  included  the  addition  of  Clarion 
extract  to  freshly  plowed  soils  of  the  Hagerstown  series.  The 
solution  was  diluted  and  enough  of  the  material  was  used  per 
acre  to  supply  5  tons  of  total  solids.  When  thoroughly  dry, 
the  soil  was  cultivated  and  planted  to  tobacco.  The  beneficial 
effect  of  these  treatments  on  the  aggregation  of  soil  particles 
was  marked  and  was  apparent  long  after  the  crop  was  harvested. 

Through  the  bacterial  decomposition  of  sugar  in  the  soil, 
Peele  (5)  was  able  to  show  an  increase  in  soil  aggregation.     It 


would  appear,  therefore,  that,  in  addition  to  the  lignin,  the 
carbohydrates  present  in  the  liquor  must  have  played  a  part  in 
the  results  obtained. 

These  treated  soils  were  supplemented  with  a  3-8-12  fertilizer 
mixture  applied  at  the  rate  of  1000  pounds  per  acre.  From  4 
to  6  units  of  nitrogen,  however,  should  have  been  used;  for 
while  the  yields  were  satisfactory,  the  plants  showed  some 
symptoms  of  nitrogen  deficiency  as  they  approached  maturity. 
The  soil  organisms  which  effect  decomposition  were  competing 
with  the  tobacco  plants  for  this  element.  This  biological  effect 
should  be  given  due  consideration  when  this  waste  material 
is  applied  to  soils. 

GREENHOUSE  TESTS 

Clarion  extract  was  then  used  on  tobacco  seedbeds  under 
greenhouse  conditions  and  to  increase  the  quantity  of  fertilizer 
applied,  noting  the  ultimate  effect  on  seedling  growth  and  on 
the  aggregation  of  soil  particles.  A  4-8-12  fertilizer  mixture 
was  applied  at  the  rate  of  1500  pounds  per  acre.  The  soil  used 
was  obtained  from  plot  2,  tier  III,  of  the  Jordan  fertility  plots, 
and  had  received  no  fertilizer  treatment  for  58  years  with  the 
exception  of  nitrogen  as  dried  blood  which  had  been  applied  in 
alternate  years  over  this  period. 

When  the  extract  was  applied  at  the  rate  of  2.5  tons  of  total 
solids  per  acre  a  few  days  before  seeding,  a  good  yield  of  tobacco 
seedlings  was  obtained,  and  the  absorption  of  both  nitrogen 
and  potassium  was  satisfactory.  The  dry  weight  of  seedUngs  over 
an  area  of  2  square  feet  amounted  to  33  grams  and  contained 
4.98%  nitrogen  and  8.31%  potassium  (3).  On  the  other  hand, 
germination  failed  when  sufficient  material  was  applied  to 
supply  5  tons  of  total  solids  per  acre.  This  was  due  principally 
to  a  lack  of  aeration  because  of  a  temporary  physical  cement- 
ing effect  on  the  upper  soil  layer  by  the  undecomposed  material. 

Samples  taken  from  these  soils  after  8  weeks,  as  indicated  by 
samples  2  and  3  of  Table  I,  showed  a  marked  aggregation  of 
soil  particles.  The  degree  to  which  the  particles  of  the  original 
untreated  field  soil  were  aggregated  into  good  tilth-producing 
crumbs,  following  the  addition  of  the  extract,  was  determined 
by  structural  stability  and  permeability  measurements  (/). 
Stability  reflects  the  degree  to  which  the  clay,  silt,  and  fine  sand 
have  been  aggregated  into  larger  water-stable  granules.  A  high 
stabUity  index  indicates  that  much  of  the  silt  and  clay  (two  soU 
particle  sizes  present  in  high  quantity  in  the  Hagerstown  silty 
clay  loam  soil)  have  been  aggregated  into  large,  stable  granules 
or  crumbs.  The  latter  tend  to  produce  a  good  tilth,  whereas 
the  soil  in  a  dispersed  condition  results  in  poor  structure  or 
tilth.  The  stabUity  index  is  the  sum  of  the  positive  differences 
between  the  percentage  of  soil  existing  in  the  various  larger 
size  classes  (>0.02  mm.)  by  aggregate  and  mechanical  analysis. 
Probable  permeability  is  represented  by  the  percentage  of  the 
soil  which  consists  of  either  aggregates  or  stones  large  enough 
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Table  I.     Relation  of  Waste  Sulfite  Liquor  Treatment  to  Soil  Structure 


Sample 
No. 


Trpat- 

irienf^, 

Tons/ 

Acre 


Sta- 
bility 
Index 


Untreaied        58.5 


5 


62.8 
64.9 


Untreated        50 . 9 


6 


2.5 


10 


55.8 
61.2 
64.3 


Prob- 
able 
Perme- 
ability 


30.1 
58.1 
64.6 


20.5 
29.3 
49.1 
69.1 


Gravel 

(>2 
Mm.), 
% 


Coarse 
Sand 
(2-1 
Mm.), 

% 


Analysis 
Sampled  after  Plant  Harvest 


Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 


8.54 

6.43 
23.89 

4.58 
23.20 

3.73 


5.07 
1.75 
8.01 
1.81 
11.78 
2.43 


Sampled  in  Early  Spring 

Aggregate  4.92  4.32 

Mechanical  2.61  2.05 

Aggregate  6.64  4.45 

Mechanical  3.47  2.00 

Aggregate  8.81  8.81 

Mechanical  3.72  2.59 

Aggregate  17.06  18.06 

Mechanical  3.42  1.36 


Me- 
dium 
Sand 
(1-0.2 

Mm.), 
% 


16.45 
3.69 

26.15 
3.95 

29.64 
3.89 


11.24 

3.36 
18.18 

3.35 
31.46 

4.56 
34.00 

3.11 


Fine 
Sand 
(0.2- 
0.02 
Mm.), 
% 


60.89 
20.54 
37.11 
22.07 
32.66 
22.36 


62.80 
24.39 
58.95 
23.59 
44.52 
21.54 
27.60 
24.52 


Silt 
(0.02- 
0.002 

Mm.), 
% 


8.71 
45.62 

4.63 
45.62 

2.36 
45.62 


15.82 
45.62 
11.38 
45.62 

6.22 
45.62 

3.09 
45.62 


Clay 
(<0.002 
Mm.), 
% 


0.34 
21.97 

0.21 
21.97 

0.36 
21.97 


0.90 
21.97 

0.20 
21.97 

0.18 
21.97 

0.19 
21.97 


°  Dissolved  solids  in  the  form  of  concentrated  extract. 


to  effect  optimum  moisture-permeability  relations.  A  high 
probable  f)ermeability  figure  represents  a  condition  in  which  a 
greater  percentage  of  the  soil  consists  of  particles  having  diam- 
eters >2  mm.,  which  if  arranged  properly  will  render  the  soil 
readily  permeable  to  air  and  moisture.  The  probable  permea- 
bility figure  is  the  sum  of  the  aggregate  analysis  percentages 
for  particles  greater  than  0.2  mm.  Soil  structure  refers  to  the 
arrangement  of  soil  particles  and  may  be  characterized  as  to 
whether  it  is  satisfactory  or  unsatisfactory  for  plant  growth  by 
the  degree  of  permeability  of  the  soil  to  air  and  moisture. 

In  order  to  ensure  a  more  or  less  thorough  decomposition 
of  the  carbohydrates  present,  soils  were  intimately  mixed  with 
varying  quantities  of  the  Clarion  extract  and  placed  in  heaps 
outside  the  greenhouse.  They  were  exposed  to  the  weather 
from  November,  1941,  to  March,  1942.  A  sample  of  the  un- 
treated soil  was  exposed  to  the  same  weather  conditions  for 
the  same  time.  At  the  end  of  the  period  samples  were  taken 
for  aggregate  analysis;  the  results  are  represented  by  samples 
4,  5,  6,  and  7  in  Table  I. 

The  yield  of  seedlings  produced  on  these  treated  soils  and 
the  intake  of  nitrogen  and  potassium  were  obtained  at  the 
end   of  8  weeks. 

A  plot  which  had 

received  rotted 

manure  at  the  rate 

of  20  tons  and  a 

4-8-12  fertilizer 

mixture  at  the  rate 

of     1000    pounds 

per  acre,  produced 

seedlings  which, 

over   a  2   square 

foot       area, 

amounted    to    22 

grams     (dry 

weight)  and  had  a 

nitrogen    content 

of    1.71%   and   a 

potassium  content 

of  6.30%.     On 

the    other    hand, 

the  composited 

soil  receiving  the 

extract  at  the  rate 

of  10  tons  of  total 

solids  per  acre  and 

a  similar  fertilizer 

treatment  (repre- 
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sen  ted  by  sample  7,  Table  I)  pro- 
duced 24  grams  (dry  weight)  of 
seedlings  having  a  nitrogen  con- 
tent of  3.84%  and  a  potassium 
content  of  7.27%  (5). 

RESULTS   WITH    MANURE    AND 
FERTILIZER 

An  effort  was  next  made  to  as- 
certain the  effect  of  Clarion  ex- 
tract on  soil  aggregation  when 
used  alone,  with  rotted  manure, 
with  fertilizer,  or  with  both.  Soil 
was  obtained  from  a  different 
part  of  the  plot  previously  men- 
tioned. The  experiment  was 
conducted  under  greenhouse  con- 
ditions over  a  2-month  period. 
The  treatments  and  results  are 

given  in  Table  II.    The  mechani- 

—  "  cal  and  aggregate  analyses  were 

conducted  on  composite  samples 
taken  from  duplicate  plots  of  the  same  treatment.  The  results 
show  a  marked  effect  of  the  extract  on  the  aggregation  of 
soil  particles,  which  was  intensified  by  supplemental  fertiUzer 
treatments. 

These  studies  indicate  that  an  excellent  soil  structure  may  be 
obtained  through  the  judicious  use  of  the  sulfite  liquor.  There 
is  a  marked  increase  in  probable  permeability  which,  in  turn,  is 
brought  about  by  the  considerable  increase  in  the  number  of  water- 
stable  granules  produced  as  shown  by  aggregate  analysis. 

If  this  material  is  to  be  used  as  a  soil  amendment,  the  quantity 
to  apply  must  be  watched  carefully,  and  intimate  mixing  with 
the  soil  particles  must  be  insured.  A  few  weeks  at  least  should 
elapse  before  crops  are  seeded  on  soil  so  treated,  in  order  to 
provide  a  suitable  interval  for  soil  organisms  to  decay  the  less 
resistant  materials.  To  ensure  more  rapid  and  thorough  de- 
composition of  these  materials,  the  addition  of  an  ample  quantity 
of  a  well  balanced  fertilizer  mixture  should  precede  the  treat- 
ment. This  mixture  should  carry  from  40  to  60  pounds  per 
acre  of  readily  available  nitrogen  when  the  equivalent  of  5 
tons  of  dissolved  solids  are  used.  Such  an  application  should 
prevent  serious  competition  between  the  soil  organisms    and 
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Table  II.     Effect  of  Waste  Sulfite  Liquor  on  Soil  Structure  as  Influenced  by  Manure  and 

Fertilizer  Treatment 


Treatment  per  Acre 


Sample 
No. 

1-14 
2-15 
&-18 


8-21 

9-22 

10-23 


11-24 
3-16 
6-19 

12-25 
13-26 


W.S.L.«. 
tons 

0 
2.5 
5.0 


0 
2.5 
5.0 


Ma- 
nure, 
tons 


0 


2.5 
5.0 


2.5 
5.0 


0 

10 
10 
10 

10 
0 
0 

10 
10 


Fertil- 
izer 
(4-8-12). 
lb. 

0 

0 

0 


0 
0 

1000 
1000 
1000 

1000 
1000 


Sta- 
bility 
Index 

52.24 
60.23 
61.61 

48.59 
59.03 
62.07 

51.47 
53.19 
64.07 

59.82 

63.17 


Prob- 
able 
Perme- 
ability 

18.63 
32.33 

42.49 

20.44 
37.14 
45.35 

20.42 
25.73 
50.81 

38.12 

47.06 


Analysis 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 

Mechanical 

Aggregate 
Mechanical 
Aggregate 
Mechanical 


Gravel, 
% 

5.37 
3.82 
6.96 
2.92 
10.02 
3.46 

7.01 
3.19 
8.79 
2.79 
10.59 
3.52 

6.42 
3.06 
5.58 
3.01 
13.65 
3.92 

8.98 

3.13 

14.12 

4.31 


Coarse 

Sand, 
% 

3.87 
1.37 
5.08 
1.29 
7.77 
1.67 

4.12 
1.74 
5.70 
1.28 
7.89 
1.93 

4.24 
1.35 
4.63 
1.27 
8.55 
1.11 

6.07 
1.34 
7.60 
1.26 


Me- 
dium 
Sand, 
% 

9.39 

3.06 
20.29 

3.14 
24.70 

3.24 

9.31 

3.57 
22.65 

3.05 
26.87 

3.84 

9.76 

3.15 
15.52 

2.94 
28.61 

3.09 

23.07 

2.55 

25.34 

2.87 


Fine 

Sand, 

% 

62.49 
20.63 
56.78 
21.53 
48.00 
20.51 

57.03 
20.38 
50.59 
21.58 
45.60 
19.59 

59.93 
21.32 
56.34 
21.66 
42.14 
20.76 

50.58 
21.86 
44.99 
20.44 


Silt, 
% 

17.85 
48.70 
10.17 
48.70 
8.94 
48.70 

21.56 
48.70 
11.61 
48.70 
8.61 
48.70 

18.80 
48.70 
16.86 
48.70 
6.64 
48.70 

10.76 

48.70 

7.08 

48.70 


Clay. 
% 

1.03 
22.42 

0.39 
22.42 

0.57 
22.42 

0.98 
22.42 

0.33 
22.42 

0.43 
22.42 

0.86 
22.42 

1.07 
22.42 

0.41 
22.42 

0.54 
22.42 

0.87 
22.42 


crop  plants  for  the  mineral  nutrients  present.  It  should  also 
contribute  to  the  formation  of  humus,  since  most  of  the  humus 
found  in  soils  results  from  a  combination  of  lignin  with  bacterial 
proteins. 
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Fanweed  (Thlaspi  arvense)  seeds  contain 
properties  are  similar  to  those  of  rapeseed  « 
terized  by  a  high  content  of  erucic  acid.  F^ 
higher  in  linoleic  acid  than  those  of  rapeseecj 
nary  temperatures  are  similar,  and  their  C 
are  comparable.  This  property  suggests  t| 
place  of  rapeseed  oil  as  a  lubricant  constitup 


DURING  1940  the  United  States  imported  12,919,000 
pounds  of  rapeseed  oil  (5).  Of  that  quantity  11,595,000 
pounds  or  nearly  90%  came  from  Japan  and  the  Japa- 
nese-held territory  of  Kwantung.  Argentina  supplied  the  re- 
maining 10%.  Since  importations  from  the  East  are  now  im- 
possible, it  would  be  highly  desirable  if  an  oil  could  be  produced 
in  the  United  States  for  the  same  uses  as  rapeseed.  Such  a 
possibility  ^ 
therefore 


It  matures  early  ( 
season  possible.  T^ 
inches  and  can  be  h* 
ment.  A  yield  of  q[ 
season  would  compa 
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Table  I. 


F. 


Specific  gravity,  d J 
Refractive  index,  n\ 

Viscosity 

Saybolt  seconds 
20.0° C. 
37.8**  C. 
98.9° C. 

Kinematic    centi 
20.0° C. 
37.8° C. 
98.9° C. 

Viscosity  index 
Iodine  value  . 

Saponification  valul 
Free  fatty  acid  valil 
Ester  value  J 

Unsaponifiable  mall 
Soluble  fatty  acids,] 
Insoluble  fatty  acicf 
Reichert  Meissl  val 
Polenske  value 
Hydroxyl  number 
Acetyl  value 
Insoluble  fatty  acic 
Iodine  value 
Acid  value 
Mean  molecular 
Melting  point,  °  , 
Solidification  pol 
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FANWEED  SEED  OIL 

Potential  Substitute  for  Rapeseed  Oil 


J.  R.  CLOPTON^  AND 
H.  O.  TRIEBOLD 

The  Pennsylvania  State  College, 
State  College,  Pa. 


Fanweed  (Thlaspi  arvense)  seeds  contain  33  to  35%  oil.  The  composition  and 
properties  are  similar  to  those  of  rapeseed  oil.  Glycerides  of  both  oils  are  charac- 
tenzed  by  a  high  content  of  erucic  acid.  Fanweed  seed  oil  glycerides  are  somewhat 
higher  in  linoleic  acid  than  those  of  rapeseed  oil.  Viscosities  of  the  two  oils  at  ordi- 
nary temperatures  are  similar,  and  their  changes  in  viscosity  with  temperature 
are  comparable.  This  property  suggests  that  fanweed  seed  oil  could  be  used  in 
place  of  rapeseed  oil  as  a  lubricant  constituent  and  for  other  industrial  purposes. 


DURING  1940  the  United  States  imported  12,919,000 
pounds  of  rapeseed  oil  (8).  Of  that  quantity  11,595,000 
pounds  or  nearly  90%  came  from  Japan  and  the  Japa- 
nese-held territory  of  Kwantung.  Argentina  supplied  the  re- 
maining 10%.  Since  importations  from  the  East  are  now  im- 
possible, it  would  be  highly  desirable  if  an  oil  could  be  produced 
in  the  United  States  for  the  same  uses  as  rapeseed.  Such  a 
possibility  appeared  to  exist  in  fanweed  seed  oil;  a  study  was 
therefore  made  of  the  composition  and  properties  of  this  oil 
in  comparison  with  those  of  rapeseed  oil. 

Fanweed  grows  abundantly  in  most  of  the  northwestern  and 
north  central  states,  as  well  as  in  southwestern  Canada.  In 
the  western  United  States  it  is  commonly  called  fanweed,  but 
is  known  also  as  Frenchweed  or  pennycress.  Its  botanical 
name  is  Thlaspi  arvense,  and  it  is  a  member  of  the  Cruciferae, 
to  which  rape  and  members  of  the  mustard  family  belong. 
Therefore,  it  was  to  be  expected  that  fanweed  seed  oil  would 
be  similar  in  properties  to  rape  and  mustard  oils. 

Fanweed  seeds  contain  33  to  35%  oil  by  weight.  Test  plant- 
ings at  the  Montana  State  College  show  that  on  irrigated  land 
1500  pounds  of  seed  per  acre  can  be  obtained.  The  plant  is 
hardy  and  grows  well  without  irrigation,  except  on  very  dry  land. 

1  Present  address.  Armour  Research  Foundation,  Chicago,  III. 


It  matures  early  (around  July  1)  making  two  crops  in  one 
season  possible.  The  fanweed  attains  a  height  of  12  to  18 
inches  and  can  be  harvested  easily  with  the  usual  farm  equip- 
ment. A  yield  of  500  to  1000  pounds  of  oil  per  acre  in  one 
season  would  compare  favorably  with  other  oil-producing  crops. 

PHYSICAL  AND  CHEMICAL  CHARACTERISTICS 

The  seeds,  freed  from  foreign  matter,  were  ground  to  pass  a 
20-mesh  sieve.  The  oil  was  extracted  with  petroleum  ether 
(boiling  at  30-60°  C.)  in  a  modified  Soxhlet  extractor.  Neariy 
all  of  the  solvent  was  removed  from  the  oil  by  distillation.  The 
last  traces  were  removed  in  vacuo  while  passing  a  small  stream 
of  nitrogen  gas  through  the  oil.  The  extracted  oil  was  light 
green  and  had  a  mild,  pleasant  odor  and  flavor.  During  storage 
the  color,  due  to  chlorophyll,  gradually  disappeared,  and  the  oil 
assumed  a  golden  yellow  color. 

The  physical  and  chemical  characteristics  of  freshly  extracted 
fanweed  seed  oil  are  reported  in  Table  I.  The  values  obtained 
were  determined  by  the  commonly  accepted  methods  for  fat 
analysis  (/,  7).  For  comparison,  the  corresponding  characteris- 
tics for  rapeseed  oil,  taken  from  the  literature  (^,  4,  ^),  are  given 
in  Table  I.  The  data  show  that  in  most  instances  the  values 
obtained  on  fanweed  seed  oil  compare  favorably  with  the  cor- 
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responding  values  for  rapeseed.  The  somewhat  higher  index  of 
refraction,  iodine  number,  and  density,  and  the  lower  solidifica- 
tion point  for  fanweed  seed  oil  indicate  that  it  is  more  unsatu- 
rated than  rapeseed  oil.  These  characteristics  suggest  that  fan- 
weed  seed  oil  is  more  closely  related  to  a  semidrying  oil  than 
is  rapeseed  oil. 

COMPONENT  FATTY  ACIDS 

To  compare  the  compositions  of  fanweed  seed  and  rapeseed 
oils,  it  was  necessary  to  identify  and  determine  the  percentage 
of  individual  acids  comprising  the  glycerides  of  the  two  oils. 
The  oil  was  saponified  with  alcoholic  potassium  hydroxide,  and 
the  soaps  were  washed  with  ether  to  remove  unsaponifiable 
matter.  The  soaps  were  acidified  with  sulfuric  acid  to  Uberate 
the  fatty  acids  which  were  then  extracted  with  ether.  The 
ether  extracts  were  combined  and  washed  with  water  until 
free  of  mineral  acid  and  then  dried  with  anhydrous  sodium 
sulfate.  The  ether  was  removed  from  the  mixed  fatty  acids 
by  distillation  under  reduced  pressure. 

Methyl  esters  were  prepared  by  refluxing  the  mixed  fatty 
acids  3  hours  with  four  times  their  weight  of  absolute  methanol 
and  a  httle  concentrated  sulfuric  acid.  The  ester  layer  was 
removed;  the  alcohol  layer  was  diluted  with  three  times  its 
volume  of  water  and  extracted  with  several  portions  of  ether 
to  remove  any  dissolved  esters.  The  ether  extracts  were  com- 
bined with  the  ester  layer  and  dried  over  anhydrous  sodium 
sulfate.  The  dry  methyl  esters  were  then  obtained  by  removal 
of  the  ether  under  reduced  pressure. 

The  mixed  methyl  esters  of  the  fatty  acids  were  then  sub- 
jected to  fractional  distillation  at  1  mm.  pressure  with  a  frac- 
tionating column  of  the  type  described  by  Whitmore  and  Lux 
(9),  equipped  with  a  total-reflux  partial-takeoff  distilling  head 
and  packed  with  single-turn  glass  helices.  The  bath  and  jacket 
were  electrically  heated,  and  the  temperature  was  controlled 
by  water-cooled  rheostats.  The  course  of  distillation  was 
followed  by  determining  the  weight  and  refractive  index  of  each 
fraction  as  it  was  obtained  and  by  plotting  a  curve  showing  the 
refractive  indices  vs.  total  grams  distilled. 


Table  I.    Physical  and 

Chemical  Characteristics  of 

Fanweed  Seed 

AND  Rapeseed  Oils 

Fanweed 

Rapeseed 

Seed  Oa 

OU 

Specific  gravity,  dJJ 

0.9168 

0.913-0.917 

Refractive  index,  n^* 

1.4652 

1.4629-1.4639 

Viscosity 

Saybolt  seconda 

20.0® C. 

426.7 

432.0 

37.8* C. 

210.2 

213.5 

98.9**  C. 

58.0 

54.0 

Kinematic    centistokes 

20.0«C. 

92.56 

•    •  • 

37.8" C. 

45.40 

•    •   • 

98.9° C. 

9.64 

•   •  • 

Viscosity  index 

157 

•    •   • 

Iodine  value 

117.3 

98-106 

Saponification  value 

177.8 

168-180 

Free  fatty  acid  value 

0.8 

0.36-1.0 

Ester  value 

177.0 

■    •    • 

Unsaponifiable  matter,  % 

1.34 

0.8-1.5 

Soluble  fatty  acida,  % 

0.15 

•    •   • 

Insoluble  fattv  acida,  % 

95.7 

94 . 5-96 . 3 

Heichert  Meissl  value 

0.25 

0.0-0.79 

Polenske  value 

0.00 

•    •   • 

Hydroxy!  number 

8.8 

•    •    • 

Acetyl  value 

8.3 

14.7 

Insoluble  fatty  acids 

Iodine  value 

119.3 

100-106 

Acid  value 

186.2 

•    •   • 

Mean  molecular  weight 

301.3 

•    •    • 

Melting  point, 'C. 

16-18 

18.6-20.0 

Solidification  point,  "  C. 

10-12 

11.7-13.6 

Iodine  values  and  neutral  equivalents  were  determined  on 
each  of  the  fractions  obtained  during  distillation.  Using  these 
values  together  with  the  fraction  weight,  it  was  possible  to 
estimate  the  esters  present  in  each  fraction  qualitatively  and 


quantitatively  and,  subsequently,  the  fatty  acid  composition 
of  the  oil  as  reported  in  Table  II. 

It  is  significant  that  the  percentage  of  erucic  acid  is  very 
high  in  the  glycerides  of  both  fanweed  seed  and  rapeseed  oils. 
This  high  erucic  acid  content  is  responsible  for  the  pecuhar 
characteristics  of  these  oils  and  also  their  industrial  importance. 

Fanweed  seed  oil  glycerides  have  a  higher  linoleic  acid  and  a 
lower  oleic  acid  content  than  those  of  rapeseed  oil.  The  effect 
of  the  increased  linoleic  acid  is  more  pronounced  than  the  de- 
crease in  oleic  acid  content,  as  evidenced  by  the  higher  iodine 
number  and  lower  solidification  point  of  fanweed  seed  oil. 


Table  II.     Component  Fatty  Acids  of  Fanweed  Seed  and 

Rapeseed  Oils,  in  Per  Cent 


Fatty 
Acid 

Myristic 
Palmitic 
Oleic 
Linoleic 


Fanweed 
Oil 

Trace 

1.5 

12.5 

33.0 


Rapeseed 
Oil 

Trace 

5.0 

17.0 

24.0 


Fatty 
Acid 

Linolenic 

Erucic 

Lignoceric 


Fanweed 
Oil 

0.5 

49.0 

3.5 


Rapeseed 
Oil 

1.0 

52.0 

1.0 


Except  for  the  differences  exhibited  in  the  percentages  of 
Unoleic  and  oleic  acid,  the  component  fatty  acids  contents  of 
fanweed  seed  and  rapeseed  oils  are  similar.  This  suggests  that 
the  two  oils  should  show  comparable  physical  and  chemical 
characteristics. 

POSSIBLE  INDUSTRIAL  IMPORTANCE 

The  relatively  high  viscosity  of  rapeseed  oil,  especially  after 
it  is  blown,  has  led  to  its  use  as  a  lubricant  constituent.  The 
viscosity  of  fanweed  seed  oil  is  almost  the  same  as  that  of  rape- 
seed  oil;  if  anything,  it  maintains  a  slightly  higher  viscosity 
at  elevated  temperatures  than  does  rapeseed  oil.  In  view  of 
this  fact  and  of  the  similarity  in  composition  of  the  two  oils, 
it  appears  that  fanweed  seed  oil  could  be  substituted  for  rapeseed 
oil  as  a  lubricant  constituent. 

There  is  good  reason  to  beUeve  that  fanweed  seed  oil  could 
serve  as  a  substitute  for  rapeseed  oil  in  many  other  industrial 
processes  such  as  the  manufacture  of  artgum,  rubber  substitutes, 
and  materials  used  in  compounding  rubber.  By  proper  treat- 
ment and  blending  of  fanweed  seed  oil  with  drying  oils,  it  might 
well  be  used  in  paints  and  varnishes  and  in  other  products  in- 
volving drying  oils. 

In  Russia  (5,  6)  an  edible  oil  has  been  prepared  from  fanweed 
seed  grown  in  Siberia.  It  seems  likely  that  Tanweed  seed  oil 
could,  with  proper  purification,  be  used  as  a  shortening  or  salad 
oil  along  with  corn,  cottonseed,  peanut,  and  other  vegetable  oils. 

In  view  of  the  present  shortage  of  oils  in  this  country  the 
possibilities  of  mass  production  and  processing  of  fanweed 
seed  should  be  investigated.  Further  work  is  in  progress  to 
determine  possible  industrial  uses  of  fanweed  seed  oil. 
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PERFORMANCE  OF  NEW  SPRAY  EQUIPMENT 

H.  J.  Miller,  D.  E.  H.  Frear,  H.  L.  King,  and  F.  N.  Fagan, 

Pennsylvania  State  College. 

Fruit  growers  are  now  trying  to  carry  out  the  normal 
spray  program  with  more  expensive  labor  and  less  of  it.  This 
has  created  an  acute  demand  for  some  kind  of  spray  machin- 
ery which  will  eliminate  some  of  the  costly  labor  involved 
in  getting  adequate  control  of  codling  moth  and  scab.  Sever- 
al of  you  are  already  using  speed  sprayers  as  a  means  of  re- 
ducing labor  costs  and  speeding  up  coverage. 

The  speed  sprayer  was  introduced  into  Delaware  in  1941, 
and  its  performance  has  been  studied  by  the  experiment 
station  (1,2) .  Their  results  indicate  that  the  tops  of  the  trees 
did  not  receive  as  much  spray  as  the  bottom.  The  New  Jer- 
sey experiment  station  (3)  has  reported  that  the  coverage 
with  the  speed  sprayer  was  about  as  good  in  the  tops  as  with 
the  standard  type  high  pressure  equipment  using  brooms. 
The  bottom  received  more  than  the  tops  with  both  types,  in- 
dicating that  poorer  protection  against  codling  moth  was  ob- 
tained in  the  tops.  This  is  unfortunate  since  coverage  m  the 
tops  has  been  the  chief  difficulty  with  our  regular  type  spray- 
ers using  guns  and  brooms. 

In  the  spring  of  1943,  the  college  started  spraying  their 
orchard  with  a  speed  sprayer  under  the  direction  of  Prot. 
Fagan  Since  the  question  of  adequate  coverage  in  the  tops 
is  so  important,  it  seems  advisable  to  compare  the  perform- 
ance of  this  machine  with  the  regular  equipment.  The  trees 
were  quite  large  since  they  were  27  years  old.  The  Stayman 
were  approximately  24  feet  high,  while  the  Mcintosh  were 
30.     Thus  a  real  test  of  coverage  was  ottered  by  these  trees. 

The  500-gallon  speed  sprayer  was  hauled  through  the 
orchard  by  a  tractor  and  operated  by  the  driver  of  the  trac- 
tor.  A  truck  mounted  supply  tank  was  used  to  retill  tne 
spraver  in  the  orchard.  Agitation  power  and  refilling  pump 
for  the  supply  tank  was  operated  by  a  power  take-oft  trom 
the  supply  truck  engine.  The  supply  tank  operator  mixed 
the  sprav  material  as  the  tank  was  being  filled  with  water  at 
the  loading  station.  These  two  men  operating  truck  and 
sprayer  are  classed  as  a  spray  unit.  The  high  pressure 
sprayer  was  hauled  through  the  orchard  by  \ t^'ack  trac^^^^^^ 
The  spraying  was  done  bv  one  man  with  an  eight  nozzle  spray 
^^^oSrL^  by  hand  from  the  spray  tower  supp^^^^^^^^^ 
in  the  cover  sprays  bv  a  man  on  the  ground  with  a  gun  nside 
tL  tree  Th^e  hi^h  pressure  outfit  was  not  sei^iced  in  the 
orchard  by  supply  tank  and  the  two  men  returned  to  the  fill- 
ing station  for  refilling  and  spray  mixing. 
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The  speed  sprayer  unit  averaged  in  the  first  four  sprays 
2.36  times  as  fast  as  was  the  spraying  done  by  the  two  men 
operating  the  35-gallon  high  pressure  pump  with  a  400-gallon 
tank.  In  the  four  cover  sprays,  the  speed  sprayer  unit 
averaged  2.48  times  as  fast  with  a  two-man  crew,  as  did  the 
high  pressure  sprayer  unit  with  a  three-man  crew. 

Samples  for  lead  analysis  were  taken  immediately  after 
each  cover  spray  from  both  tops  and  bottoms  of  each  of  six 
trees  in  each  plot.  These  data  were  averaged  and  expressed 
as  milligrams  of  lead  per  square  meter  with  both  surfaces 
considered  on  the  leaves.  The  results  of  these  studies  which 
are  summarized  in  table  I  show  that  the  high  pressure  equip- 
ment gave  approximately  equal  deposits  in  top  and  bottoni 
indicating  a  fairly  uniform  coverage.  However,  the  speed 
sprayer  was  somewhat  disappointing  in  this  respect.  This 
machine  put  more  material  on  the  bottoms  and  considerably 
less  on  the  tops.  Scab  control  was  better  in  the  tops  with 
the  high  pressure  sprayer.  There  was  no  codling  moth  in- 
festation in  this  orchard,  so  a  comparison  of  control  of  this 
insect  was  not  possible. 

The  lead  deposit  in  different  parts  of  the  other  branches 
of  the  upper  third  of  the  tree  did  not  seem  to  vary  signifi- 
cantly on  different  sides  with  either  type  of  equipment. 
Packing  house  grading  records  on  the  Mcintosh  gave  an 
average  of  9.6  percent  scab  with  the  speed  sprayer  against 
4.8  percent  on  the  high  pressure  sprayed  rows.  The  speed 
sprayer  applied  slightly  more  material  as  indicated  by  an 
average  of  17.6  gallons  per  tree  against  15.3  for  the  high 
pressure. 

One  approach  to  this  problem  of  better  coverage  with 
less  labor  has  been  developed  at  the  Delaware  station  (2). 
Standard  type  gun  nozzles  are  mounted  on  a  mast  attached 
to  the  back  of  a  regular  high  pressure  sprayer.  The  nozzles 
can  be  moved  as  a  group  either  in  a  horizontal  or  vertical  di- 
rection. Thus  some  control  is  obtained  over  the  spray  as 
well  as  providing  a  method  to  get  the  tops  with  the  higher 
nozzles.  In  comparison  with  a  speed  sprayer  and  a  high  pres- 
sure machine  using  two  brooms,  this  vertical  boom  defini- 
tely gave  more  uniform  coverage  with  more  lead  arsenate  in 
the  tops. 

In  conclusion  it  may  be  stated  that  the  speed  sprayer 
offers  a  means  of  covering  more  trees  with  less  labor.  How- 
ever, it  does  seem  that  some  improvements  ai^e  necessary  in 
order  to  get  satisfactory  coverage  in  the  tops  particularly 
in  areas  where  codling  moth  is  such  an  acute  problem.  Some 

2 


Note  (a) 


(b) 


(c) 


(d) 


(e) 


AU  trees  were  sprayed  with  dormant  Tar-Lub.  oil  spray, 
using  the  Speed-sprayer.  No  time  or  gal.  record  for  dor- 
mant spray.     We  were  learning  to  use  the  sprayer. 

In  sprays  1-2-3  the  Speed  sprayer  used  about  2  to  3  gal. 
more  of  spray  per  tree  than  did  the  broom  spraying.  Broom 
spraying  had  1  man  on  tank  using  an  8  nozzle  broom  and 
1  man  as  tractor  driver.  In  5-6-7  and  8th  sprays  man  was 
used  with  the  broom  outfit.  He  was  using  a  single  gun 
from  the  ground,  and  in  these  sprays  the  gals,  per  tree  are 
increased.  In  spray  5,  gal.  per  tree  were  about  equal  for 
each  method. 

In  sprays  5-6-7  and  8,  the  Speed  sprayer  gals,  per  tree  In- 
creased 3  to  4  gals. 

The  time  of  spraying  between  the  2  methods  is  in  favor 
of  the  Speed  sprayer,  with  the  Speed-sprayer  between  2.5 
and  3  times  as  fast.  When  the  3rd  man  was  added  to  the 
broom  spraying  method,  the  cost  per  tree  of  labor  steps  up 
1/3  more. 

The  Speed  sprayer  2  man  crew  was — 1  man  oh  tank  supply 
truck  and  one  man  on  tractor  operating  tractor  and  Speed- 
sprayer. 

During  the  2-3-4  and  5th  spray  period,  5/5/43  to  6/14/43 
many  rainy  days  marked  the  period.  There  were  16  rainy 
days  between  5/5/43  and  6/14/43.  No.  of  gals,  for  differ- 
ent applications  vary  in  each  method  because  of  wind  con- 
ditions. The  variation  seems  to  be  uniform  to  a  large  ex- 
tent with  both  methods.  With  the  amount  of  Ume  it  rain- 
ed between  5/5/43  and  6/14/43  the  speed  up  in  spraying 
of  the  Speed-sprayer  made  it  possible  to  cover  the  entire 
100  acres  in  fruit  in  a  manner  that  resulted  in  a  right  clean 
crop  at  harvest  time. 

Several  light  frosts  in  early  April.  Mild,  weak  Dry-Lime 
sulfur  spray  used  in  spray  3-4-5  to  reduce  russet  damage 
as  much  as  possible. 


Sept   10    1943— Speed -sprayei -559  lugs  dumped.     Packed  513  bushel 
46  lugs  loss  to  pack.  Mcintosh.     Just  a  packing  house  run  not  a 

cSTi^'der  2V^) 54  bu 10.5% 

Packinghouse  culls  21/2  up) -98 bu 19.1% 

Commercial  pack  (2V4-3) 361  bu 70.3% 

Sept.  14,  1943-Speed-sprayer  count  row-254  lugs.     Packed  215  bu. 
39  lugs,  loss  to  pack.      Mcintosh.  ^^^  ^^ ^ ^^^^ 

Ciders     e-rv  i.    *       ~  97  a,c/^ 

Packing  house  culls -59  bu^ "S"::^^, 

Commercial  pacx id^.  du 

Sept.  14,  1943-Speed-sprayer-Just  a  run.     No  count  of  lugs  dump- 
ed.     314  packed  bu.  Mcintosh. 
Ciders      ^f  V^ 25  7% 

Packing  house  culls -81  bu ::::::6o:8% 

Commercial  pack ^^^  "^" 

Sept.  16,  1943  &  20,  1943-Broom  hand  spraying  count  row-539  lugs. 
Packed  320.  39  lugs  loss  to  Mcintosh.  ^^  ^^ ^^^^ 

Ciders g .  .      "  20.0% 

Packing  house  culls -^^  ^ ^^^  3^ 

Commercial  pack 238  bu •<>  /c 
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of  Oils. 
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The  speed  sprayer  unit  averaged  in  the  first  four  sprays 
2.36  times  as  fast  as  was  the  spraying  done  by  the  two  men 
operating  the  35-gallon  high  pressure  pump  with  a  400-gallon 
tank.  In  the  four  cover  sprays,  the  speed  sprayer  unit 
averaged  2.48  times  as  fast  with  a  two-man  crew,  as  did  the 
high  pressure  sprayer  unit  with  a  three-man  crew. 

Samples  for  lead  analysis  were  taken  immediately  after 
each  cover  spray  from  both  tops  and  bottoms  of  each  of  six 
trees  in  each  plot.  These  data  were  averaged  and  expressed 
as  milligrams  of  lead  per  square  meter  with  both  surfaces 
considered  on  the  leaves.  The  results  of  these  studies  which 
are  summarized  in  table  I  show  that  the  high  pressure  equip- 
ment gave  approximately  equal  deposits  in  top  and  bottom 
indicating  a  fairly  uniform  coverage.  However,  the  speed 
sprayer  was  somewhat  disappointing  in  this  respect.  This 
machine  put  more  material  on  the  bottoms  and  considerably 
less  on  the  tops.  Scab  control  was  better  in  the  tops  with 
the  high  pressure  sprayer.  There  was  no  codling  moth  in- 
festation in  this  orchard,  so  a  comparison  of  control  of  this 
insect  was  not  possible. 

The  lead  deposit  in  different  parts  of  the  other  branches 
of  the  upper  third  of  the  tree  did  not  seem  to  vary  signifi- 
cantly on  different  sides  with  either  type  of  equipment. 
Packing  house  grading  records  on  the  Mcintosh  gave  an 
average  of  9.6  percent  scab  with  the  speed  sprayer  against 
4.8  percent  on  the  high  pressure  sprayed  rows.  The  speed 
sprayer  applied  slightly  more  material  as  indicated  by  an 
average  of  17.6  gallons  per  tree  against  15.3  for  the  high 
pressure. 

One  approach  to  this  problem  of  better  coverage  with 
less  labor  has  been  developed  at  the  Delaw^are  station  (2). 
Standard  type  gun  nozzles  are  mounted  on  a  mast  attached 
to  the  back  of  a  regular  high  pressure  sprayer.  The  nozzles 
can  be  moved  as  a  group  either  in  a  horizontal  or  vertical  di- 
rection. Thus  some  control  is  obtained  over  the  spray  as 
well  as  providing  a  method  to  get  the  tops  with  the  higher 
nozzles.  In  comparison  with  a  speed  sprayer  and  a  high  pres- 
sure machine  using  two  brooms,  this  vertical  boom  defini- 
tely gave  more  uniform  coverage  with  more  lead  arsenate  in 
the  tops. 

In  conclusion  it  may  be  stated  that  the  speed  sprayer 
offers  a  means  of  covering  more  trees  with  less  labor.  How- 
ever, it  does  seem  that  some  improvements  are  necessary  in 
order  to  get  satisfactory  coverage  in  the  tops  particularly 
in  areas  where  codling  moth  is  such  an  acute  problem.  Some 


adaptions  are  also  being  developed  for  the  regular  high  pres- 
sure equipment  which  will  eliminate  some  of  the  labor  now 
i\  q.:ircd  and  possibly  co3t  considerably  less. 

(1)  Kadow,  K.  J.  and  S.  L.  Hopperstead — An  evalua- 
tion of  new  spiay  equipment.  Trans.  Peninsula 
Hort.  Soc.  32:  13-18,1942. 

(2)  Hopperstead,  S.  L.,  M.  W.  Goodwin,  and  Paul  L. 
Rice  (abstr.)  Fhytopath  33:1114,  1943. 

(3)  Weber,  A.  L.  and  H,  C.  McLean — Spray  coverage  of 
apple  trees  as  affected  by  different  methods  of  ap- 
plication.    Am.  Soc.  Hort.  Sci.  42:285-288.  1943. 

TABLE  I 
Comparison  between  Speed  Sprayer  and  High  Pressure  Sprayer 


Milligrams  of  lead  per  square 

Lege — xvto 

meter  of  surface 

Date 

Stayman 

Winesap 

Mcintosh 

Top  of  tree 

Bot   of  tree 

Top  of  tree 

Bot.  of  tree 

Sliced     HijTh 

Speed     IIiy:h 

Speed     High 

Speed     High 

Spr.      Pres. 

Si)r.     Pres. 

Spr.      Pres. 

Spr.     Pres. 

Leaves — 6/1 

2.5  =•  ='^  37.3 

63.1  '=  ==  31.2 

11.7  **  24.7 

41.0**  27.8 

6/14 

20.5  ='•-  60.4 

81.0       70.5 

13.6  **  55.1 

66.4  **  49.6 

6/28 

37.5  ===*  74.8 

87.6       85.6 

18.9    *  37.8 

87.6**  68.3 

7/23 

34.0==*  69.G 

71.3       68.7 

18.6  **  57.2 

87.2  **  65.2 

"  Mean 

23.8       60.5 

758       64.0 

15.7       43.7 

70.6       52.7 

•    •"-    -3/28 

7.5       13.2 

9.1       15.9 

2.7**    6.7 

9.1         7.6 

%  scab-leaves- 

-7/13 

6.9**    2.3 

0.3          0.3 

* — Significant  difference  between  two  figures,  odds  19:1. 
** — Significant  difference  between  two  figures,  odds  99:1. 
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Note  (a)  All  trees  were  sprayed  with  dormant  Tar-Lub.  oil  spray, 
using  the  Speed-sprayer.  No  time  or  gal.  record  for  dor- 
mant spray.     We  were  learning  to  use  the  sprayer. 

(b)  In  sprays  1-2-3  the  Speed  sprayer  used  about  2  to  3  gal. 
more  of  spray  per  tree  than  did  the  broom  spraying.  Broom 
spraying  had  1  man  on  tank  using  an  8  nozzle  broom  and 
1  man  as  tractor  driver.  In  5-6-7  and  8th  sprays  man  was 
used  with  the  broom  outfit.  He  was  using  a  single  gun 
from  the  ground,  and  in  these  sprays  the  gals,  per  tree  are 
increased.  In  spray  5,  gal.  per  tree  were  about  equal  for 
each  method. 

In  sprays  5-6-7  and  8,  the  Speed  sprayer  gals,  per  tree  In- 
creased 3  to  4  gals. 

(c)  The  time  of  spraying  between  the  2  methods  is  in  favor 
of  the  Speed  sprayer,  with  the  Speed-sprayer  between  2.5 
and  3  times  as  fast.  When  the  3rd  man  was  added  to  the 
broom  spraying  method,  the  cost  per  tree  of  labor  steps  up 
1/3  more. 

The  Speed  sprayer  2  man  crew  was — 1  man  oh  tank  supply 
truck  and  one  man  on  tractor  operating  tractor  and  Speed- 
sprayer. 

(d)  During  the  2-3-4  and  5th  spray  period,  5/5/43  to  6/14/43 
many  rainy  days  marked  the  period.  There  were  16  rainy 
days  between  5/5/43  and  6/14/43.  No.  of  gals,  for  differ- 
ent applications  vary  in  each  method  because  of  wind  con- 
ditions. The  variation  seems  to  be  uniform  to  a  large  ex- 
tent with  both  methods.  With  the  amount  of  time  it  rain- 
ed between  5/5/43  and  6/14/43  the  speed  up  in  spraying 
of  the  Speed-sprayer  made  it  possible  to  cover  the  entire 
100  acres  in  fruit  in  a  manner  that  resulted  in  a  right  clean 
crop  at  harvest  time. 

(e)  Several  light  frosts  in  early  April.     Mild,  weak  Dry-Lime 

sulfur  spray  used  in  spray  3-4-5  to  reduce  russet  damage 
as  much  as  possible. 

Sept.  10,  1943-^Speed.sprayei— 559  lugs  dumped.     Packed  513  bushel 
46  lugs  loss  to  pack.  Mcintosh.     Just  a  packing  house  run  not  a 

given  row.  ^^^^ 

Ciders  (under  2^) 54  bu 10.5% 

Packing  house  culls  21/2  up) 98  bu 19.1% 

Commercial  pack  (2^-3) 361  bu 70.3% 

Sept.  14,  1943— Speed-sprayer  count  row— 254  lugs.     Packed  215  bu. 
39  lugs,  loss  to  pack.      Mcintosh. 

Ciders     19  bu 8.8% 

I»acking  house  culls 59  bu 27.4% 

Commercial  pack 137.  bu 63.7% 

Sept.  14,  1943— Speed-sprayer — Just  a  run.     No  count  of  lugs  dump- 
ed.    314  packed  bu.  Mcintosh. 

Ciders      42  bu 13.3% 

Packing  house  culls 81  bu 25.7% 

Commercial  pack 191  bu 60.8% 

Sept.  16,  1943  &  20,  1943— Broom  hand  spraying  count  row— 539  lugs. 
Packed  320.  39  lugs  loss  to  Mcintosh. 
Ciders      18  bu 5.6% 

Packing  house  culls 64  bu. 20.0% 

Commercial  pack  ^^ 238  bu, 74.3% 


Oct.      ,  1943— Speed-sprayer  Count  Row— 340  lugs.     Packed  301  bu. 
'39  lugs  loss  to  pack.  Stayman.  . 

Ciders    4  bu 1-3% 

Packing  house  culls 53  bu t-^/^ 

Commercial  pack 244  bu 81-7% 

Oct.       ,   1943— Broom  hand  spraying  Count  row.  186  lugs.     Packed 

172.    14  lugs  loss  to  pack.  Stayman. ~rzZ7 

Ciders    3bu i.T% 

Packing  house  culls 20  bu H't^ 

Commercial  pack 149  bu 86.6% 

NOTE-  It  is  necessary  to  make  a  statement  regardmg  the  packing 
house  culls.  Due  to  the  fact  that  any  U.  S.  grade  of  apples  was 
ruling  at  a  high  price  during  the  fall  of  1943,  packing  house  labor  was 
instructed  to  sort  out  ever>-  speck  or  spot  and  place  it  m  the  packmg 
house  cull  pack.  We  felt  that  if  prices  for  U.  S.  grades  contmued  at 
a  high  figure  throughout  the  season  we  wanted  to  be  sure  that  our 
commercial  pack  was  a  pack  of  good  clean  apples.  Much  of  our  pack 
was  not  sorted  for  color  and  was  marked  U.  S.  Commercial.  About 
half  of  the  sorters  were  green  help  so  we  had  to  insist  that  any  blem- 
ished apple  was  a  packing  house  cull  as  far  as  we  were  concerned. 

Mr.  Richard  Williams  was  working  for  us  in  the  packing  house 
at  the  time  of  packing.  Mr.  Williams  has  had  experience  m  Federal 
inspection,  having  worked  for  Don  James  of  the  State  Bureau  ot 
Markets.  Knowing  that  our  packing  house  culls  were  right  good  ap- 
ples, we  had  Mr.  Williams  resort  2  bushel  of  packing  house  culls  to 
determine  the  reason  for  the  apples  having  been  placed  in  the  pack- 
ing house  cull  baskets.  Packing  house  culls  were  "run"  from  the  bm 
and  not  picked  off  the  belts.  This  "run"  caused,  we  know  consider- 
able bruising,  and  accounts  for  the  high  percentage  of  mechanical  in- 
jury Mr.  Williams  found  in  the  packing  house  cull  packages. 


Broom  Spraying 
U.  S.  Commercial—  21b—  2.4% 

U.  S.  Utility 121b— 14.3% 

Mechanical  injur.— 50Ib- -59.5% 
Scab 201b__23.8% 


Speed  Spraying 
U.  S.  Commercial  2.0Tb  _ 

U.  S.  Utility 7.51b_ 

Mechanical  injur. _49.0 lb  _ 
Scab   31.51b- 


-  2.2% 

-  8.3% 
-54.4% 
-35.0% 


2  bu.  fruit  wt. 


841b 


2  bu.  fruit  wt.        90.01b 


In  this  grading  any  blemishes  and  color  requirements  were  con- 
sidered in  making  the  Utility  number  of  pounds.  No  worms  were 
found  in  William's  sorting.  It  is  possible  and  probable  that  limb- 
rubs  insect  damage,  cedar-rust  damage,  as  well  as  some  scab  damage, 
found  its  way  into  the  utility  percentage  in  that  it  would  be  too  great 
for  permitting  the  fruit  to  be  in  the  commercial  or  better  grades.  Un- 
der scab  in  William's  sorting  undoubtedly  enough  was  present  to  keep 
the  individual  specimen  out  of  a  utility  pack.  Mechanical  mjunes 
includes  russet  damage. 

No  breakdown  was  made  of  Stayman  packing  house  culls.  Dr. 
Miller,  of  the  Botany  Department,  had  made  field  counts  that  showed 
very  little  scab  injury. 

This  tabulation  was  made  by  F.  N.  Fagan,  Department  of  Horti- 
culture, The  Pennsylvania  State  College,  State  College,  Penna. 


Cabbage  Maggot  Tests  in  1943i 

L.  E.  Dills,  D.  E.  H.  Frear  and  H.  L.  King^ 

In  the  spring  of  1943,  the  scarcity  and  high  price  of  mercury  em- 
phasized the  desirability  of  testing  a  number  of  mercury  substitutes 
for  control  of  the  cabbage  maggot.  Field  experiments  were  con- 
ducted at  the  Pennsylvania  State  College  to  test  some  possible  substi- 
tutes. 

Since  facilities  were  limited  and  it  was  necessary  to  test  a  large 
number  of  materials  in  a  small  space  with  a  considerable  degree  of 
accuracy,  cabbage  plants  could  not  be  used.  Radishes*  offered  the 
most  practical  solution  of  the  problem,  since  they  required  little  space 
and  were  a  host  plant  preferred  by  this  maggot.  The  most  apparent 
disadvantage  was  that  they  are  injured  by  some  materials  which  may 
safely  be  used  on  cabbage. 

Thirty-five  different  treatments  were  used  in  two  field  tests.  These 
included  22  different  materials,  some  at  several  concentrations.  In 
the  first  experiment  most  of  the  treatments  were  replicated  six  times. 
In  the  second  experiment  all  treatments  were  replicated  seven  times. 
The  plots  were  randomized  to  eliminate  any  differences  in  location. 
Counts  were  made  in  250  plots  and  approximately  9000  radishes 
were  cut  and  examined  for  maggots. 

Only  one  application  was  made  and  with  the  exception  of  corrosive 
sublimate  and  dichloroethyl  ether  all  the  materials  were  used  as 
dusts.  All  of  the  materials  tests  as  dusts  (except  calomel)  were  im- 
pregnated on  bentonite.  Calomel  was  used  as  mechanical  mixtures 
with  lime  and  with  bentonite.  A  2-quart  plunger  type  duster  was  used 
in  making  the  application.  Dust  was  used  in  the  tests  because  truck 
growers  have  expressed  a  preference  for  dusts,  and  they  have  re- 
quested specifically  a  material  that  can  be  applied  to  cabbage  stems 
before  setting.  Even  effective  materials  that  require  two  or  three  ap- 
plications, especially  of  a  hquid,  may  be  of  questionable  practical  use 
under  some  conditions.  It  was  with  this  viewpoint  that  these  tests 
were  conducted. 

In  Experiment  1  white  icicle  radishes  were  used  and  the  treat- 
ments were  made  when  eggs  were  being  laid  and  the  plants  had  one 
pair  of  primary  leaves.  This  is  the  usual  time  for  making  such  ap- 
plications. 


^  Authorized  for  publication  on  Febru-y  28.  1944^^- ^^^^        No.  1223  in  the  Journal  Series 

of  the  Pennsylvania  Agricultural  Experiment  Station^ 
>  Agricultural  Experiment  Station.  The  Pennsylvania  State  College. 
•  The  ra^rind  cabbage  plants  used  in  these  experiments  J^^^      supplied  by  Dr.  W.  B. 

Mack  and  Dr.  C.  E.  Myers  of  the  Department  of  Horticulture. 
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Experiment  1 


Treatment 


Per  Cent 
Plant  Injury        Not  Infested 


Calomel  10% 

Paradichlorobenzene  10% 

Paradichlorobenzene  20% 

Paradichlorobenzene  40% 

Dichloroethyl  ether  1-400 

Dichloroethyl  ether  1-800 

Naphthalene  10% 

Naphthalene  20% 

Naphthalene  40% 

Check  (no  treatment) 

2-ethyl-pyridine  sulphate  10% 

2-n-hexyl  pyridine  sulphate  10% 

2-mixed  undecyl  pyridine  sulphate  10%? 

4-n-propyl  pyridine  sulphate  10% 

4-n-amyl  pyridine  sulphate  10% 

Quinoline  sulphate  10% 

Hexachlorethane  10% 

Hexachlore thane  20% 

Hexachlorethane  40% 

Phenothiazine  10% 

Phenothiazine  20% 

(1)  Mathieson  alkali  weed  killer  lOVc 

(1)  Koppers  dormant  tar  oil  10% 

(1)  Beta  Naphthol  10% 

(1)  Penta  capryl  laurylamine  tripolyphos- 

phate  10% 
(1)  Kerosene  phosphine  sulphide  10% 

(1)  Chlorophenyl  thiophosphonic  acid  10% 

(2)  Cresylic  acid  10% 

(1)  Potassium  sulphide  10% ^ 


None 

Very  slight 

Very  slight 

Slight 

None 

None 

Very  slight 

Slight 

Slight 

None 

Very  severe 

Moderate 

Moderate 

Severe 

Moderate 

Slight 

Very  slight 

Slight 

Slight 

Moderate 

Severe 

Slight 

Very  severe 

Dead 

Slight 
None 
Slight 
Dead 
Very  slight 


84.7 
62.4 
45.1 
48.8 
74.8 
65.5 
54.6 
58.0 
55.3 
50.1 
94.6 
74.4 
73.4 
65.4 
58.8 
67.4 
58.2 
47.0 
49.8 
56.0 
58.8 
62.8 
100 
100 

60.3 
48.3 
47.3 
100 
68.1 


Least  significant  difference  between  treatments  (6  plots)  16  per  cent 
(1)  =  2  plots  (2)  =  4  plots 

In  Experiment  2  scarlet  globe  radishes  were  used  and  the  appHca- 
tion  was  made  almost  a  week  later  than  Experiment  1.  This  was  done 
because  growers  frequently  fail  to  apply  the  material  at  the  proper 
time  and  inquire  as  to  the  effectiveness  of  later  applications. 

Experiment  2 


Treatment 


Calomel  4%  with  bentonite 
Calomel  10%  with  bentonite 
Calomel  4%  with  lime 
Calomel  10%  with  lime 
Dichloroether  ether  1-200 
Dichloroether  ether  1-400 
Corrosive  sublimate  1-1000 
Check 

Phenothiazine  40% 
Naphthalene  40% 
Paradichlorobenzene  40% 
Hexachlorethane  40% 
Koppers  dormant  tar  oil  5% 
Calcium  sulphide  10% 


Plant  Injury 

None 

None 

None 

None 

None 

None 

Slight 

None 

Moderate 

Very  slight 

Very  slight 

Very  slight 

Moderate 

None 


Per  Cent 
Not  Infested 

56.9 

65.9 

44.6 

50.6 

89.4 

80.5 

74.1 

41.7 

46.0 

67.0 

48.5 

48.5 

70.8 

56.6 


Least  significant  difference  between  treatments  10  per  cent. 


When  applied  early  a  10  per  cent  calomel  dust  was  the  best  safe 
treatment  used  for  radishes.  When  applied  late  it  was  much  less  effec- 
tive. Bentonite  and  calomel  gave  much  better  results  than  lime  and 
calomel. 

When  applied  late  the  best  safe  material  used  on  radishes  was 
dichloroethyl  ether.  The  results  suggest  that  corrosive  subhmate 
solution  is  a  better  late  treatment  than  calomel  dust  when  applied 
one  week  later  than  the  optimum  date. 

Paradichlorobenzene,  hexachlorethane,  phenothiazine,  4-n-amyl 
pyridine  sulphate,  kerosene  phosphine  sulphide,  Mathieson  alkali 
weed  killer,  pentacapryl  laurylamine  tripolyphosphate,  and  chloro- 
phenyl thiophosphonic  acid  at  the  concentrations  used  showed  lit- 
tle or  no  toxicity  to  the  cabbage  maggot.  Although  not  signifi- 
cantly toxic,  potassium  sulphide,  and  4-n-propyl  pyridine  sulphate 
appeared  to  have  some  effect  at  the  concentrations  used  in  these  tests. 
Naphthalene  at  40  per  cent  in  experiment  two,  2-n-hexyl  pyridine  sul- 
phate, 2-mixed-undecyl  pyridine  sulphate,  quinoline  sulphate,  and 
calcium  sulphide  showed  considerable  toxicity  to  this  insect  but  did 
not  give  satisfactory  results.  Koppers  dormant  tar  oil  and  2-ethyl 
pyridine  sulphate  were  found  to  prevent  insect  injury  but  caused 
serious  damage  to  the  radish  plants.  Beta  naphthol  and  cresyUc  acid 
dusts  at  10  per  cent  killed  the  plants  so  no  reliable  information  could 
be  obtained. 

Several  of  the  new  materials  that  had  been  found  to  be  most  ef- 
fective in  preventing  maggot  damage  to  radishes  were  given  pre- 
liminary tests  on  cabbage.  Koppers  dormant  tar  oil,  2-ethyl  pyridme 
sulphate  and  2-n.hexyl  pyridine  sulphate  dusts  at  10  per  cent  were 
apphed  to  the  dampened  stems  of  late  cabbage  before  settmg.  Rec- 
ords kept  for  more  than  two  months  indicated  that  there  were  no 
harmful  effects. 

These  trials  on  both  radishes  and  cabbage  indicate  that  certain  of 
the  materials  tested  show  promise  of  being  used  as  substitutes  for 
the  mercury  compounds.  Further  work  will  be  necessary  to  estab- 
lish the  exact  conditions  for  their  most  efficient  use.  Plans  are  bemg 
made  to  continue  this  work  in  1944. 
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TWO  FIGURES 


(Received  for  publication  December  20,  1^43) 

It  is  well  known  that  turkeys  have  a  biglier  requirement  for  certain 
specific  nutrients  than  chickens  and  this  is  particularly  true  of  vitamin 
D  as  first  pointed  out  by  Scott,  Hughes  and  Loy  ('32).    Since  then, 
however,  there  has  been  considerable  disagreement  among  those  who 
have  attempted  to  measure  the  amount  of  vitamin  D  required  by  young 
^.rowing  turkeys.    Baird  and  Greene  ('35)  using  a  single  vitamin  D 
Supplement,  a  fortified  cod  liver  oil,  determined  the  levels  required  to 
prevent  rachitic  symptoms  in  growing  chicks,  poults  -^  P^---  - 
They  reported  that  turkeys  require  a  mmimum  ot  60  to  70  U-S-l^-  units 
of  vitaniin  D  per  100  gm.  of  feed  during  the  first  12  weeks  of  life.   A 
careful  studv  of  this  work  indicated  that  these  authors  may  not  have  ob- 
a in  d  the  maximum  response  in  calcification  and  growth  from  even  the 
Mohest  level  of  vitamin  D  fed  in  their  turkey  experiments  and  that, 
therefore     he  requirement  for  maximum  response  could  have  been 
disinctlv  higher.   Furthermore,  the  potency  of  their  supplement  was 
orfXaZ  established  in  Steenbock  rat  units  and  the  ques  ion  of  the 
c^vSn  factor  used  in  calculating  U.S.P.  units  would  also  tend  to 
rardoubt  as  to  the  true  value  of  the  units  fed  by  them  as  compared 
™u>i  A  O  A  C  chick  units  used  by  later  workers. 

Tukes  and  Sanford  ( '39)  were  the  first  to  attempt  the  quantitative 
Jukes  «"^^^";^™^      ;ge  of  voung  turkeys  on  a  rickets-producing 
determination  ot  the  response  oi  vuu  ^  .       tt  «l  P   vpference  cod 

diet  to  a  standard  vitamin  D  substance,  namely,  U.S.P.  leterence  coa 
diet  to^f  «^^"«;  of  ^hich  was  definitely  known  in  terms  of 

ro  a'c  chici  units    They  also  fed  in  the  same  experiments  a  sardine 
oil  ftufifd  wW^^^^^^^^^  liveJoils,  which  was  assayed  with  chicks  against 

.  lu«,oH.ea  fo.  p„.Hca«on  o.  Beee...  13    m.  as  pap.  «.  ms Jn  the  .Wnal  SeHe. 

Nemours  and  Company  for  assistance  and  advice. 
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the  reference  cod  liver  oil.  They  found  that  levels  of  the  reference  cod 
liver  oil  up  to  and  including  120  A.O.A.C.  units  per  100  gm.  of  diet 
produced  unsatisfactory  growth  and  calcification  to  4  weeks  of  age. 
Unfortunately,  they  did  not  feed  higher  levels  but  extrapolation  of 
their  curve  of  response  indicated  that  more  than  200  units  would  be 
needed  for  maximum  calcification.  Surprisingly,  they  noted  that  levels 
of  the  fortified  sardine  oil,  equivalent  to  the  reference  oil  in  A.O.A.C. 
chick  units,  produced  a  greater  calcifying  effect  in  the  turkeys.  This 
led  them  to  suggest  the  possibility  of  a  difference  between  chicks  and 
turkeys  in  their  response  to  different  sources  of  vitamin  D  and  they 
properly  pointed  out  the  difficulty  of  expressing  the  requirements  of 
turkeys  in  terms  of  chick  units. 

Hammond  ('41)  in  a  brief  paper  reported  the  feeding  of  reference 
cod  liver  oil,  a  fortified  cod  liver  oil  and  activated  animal  provitamin  D 
to  poults  during  the  first  4  weeks  of  life  as  supplements  to  a  rachito- 
genic  diet.  In  sharp  contrast  with  the  findings  of  Jukes  and  Sanford 
( '39)  he  found  that  80  A.O.A.C.  chick  units  from  the  reference  cod 
liver  oil  produced  a  maximum  effect  on  body  weight  and  bone  calcifica- 
tion. His  data  on  the  other  two  supplements  are  of  less  value  in  esti- 
mating the  efficacy  of  each  since  he  relied  on  the  manufacturer's  claims 
for  the  A.O.A.C.  chick  unit  potency.  In  addition,  he  presented  no  in- 
formation on  the  source  of  the  vitamin  D  used  to  fortify  the  cod  liver 
oil,  and  the  levels  fed  of  activated  animal  provitamin  D,  except  one, 
we're  unreasonably  high.  It  is  interesting  to  note,  however,  that  the 
50-unit  level  of  activated  animal  provitamin  D  gave  a  response  ap- 
proximately equal  to  80  units  of  the  other  two  supplements. 

After  the  work  here  reported  had  been  started,  the  publication  of 
Carver  and  Rhian  ( '42)  appeared.  These  workers  fed  a  fortified  cod 
liver  oil  at  8  levels  (50  to  200  units)  and  activated  animal  provitamin 
D  at  1  level  (100  units)  to  duplicate  groups  of  poults  receiving  a  rachi- 
togenic  diet.  Both  supplements  were  assayed  by  the  authors  and  the 
dosage  was  expressed  in  A.O.A.C.  chick  units.  No  reference  cod  liver 
oil  was  fed.  Carver  and  Ehian  concluded  that  80  A.O.A.C.  chick  units 
per  100  gm.  of  feed  from  either  of  the  supplements  produced  satisfac- 
tory growth  and  calcification  in  young  turkeys.  No  information  was 
given  as  to  the  source  or  composition  of  the  fortified  oil. 

The  primary  object  of  the  experiments  here  described  was  to  com- 
pare the  efficacy  of  vitamin  D  from  different  sources  for  turkeys,  par- 
ticularly when  fed  on  the  basis  of  equal  potency,  measured  in  A.O.A.C. 
chick  units.  It  appeared  also  that  the  observations  of  Jukes  and  San- 
ford ('39)  were  worthy  of  further  investigation  and  that  additional 


work  of  this  nature  might  help  resolve  the  lack  of  agreement  as  to  the 
requirement  of  young  turkeys  for  this  essential  nutrient. 

EXPERIMENTAL 

The  percentage  composition  and  analysis  of  the  basal  diet  are  given 
in  table  1.  This  diet  was  formulated  with  the  idea  of  supplying  optimum 
amounts  of  all  the  essential  nutrients  with  the  exception  of  vitamin  D. 
It  resembled  typical  turkey  starting  mashes  except  that  casein  was 
used  in  place  of  meat  scraps  or  fish  meal  in  order  to  avoid  possible  con- 
tamination with  vitamin  D  from  animal  sources.  The  dehydrated  al- 
falfa meal  was  of  high  quality  as  shown  by  analyses  indicating  a  caro- 
tene content  equivalent  to  92,400  U.S.P.  units  of  vitamin  A  per  pound 

TABLE   1 
Percentage  composition  and  analysis  of  basal  diet. 


Ground  yellow  com 

25.9 

Ground  oats 

10.0 

Dried   brewers*   y 

east 

6.0 

Soybean  oil  meal 

12.0 

Dry  skimmilk 

8.0 

Ground 

limestone 

2.0 

Wheat  bran 

10.0 

Dehydrated  alfalfa 

Corn  oil 

Mazola) 

2.0 

Wheat  middlings 

10.0 

meal 

7.5 

Sodium 

chloride 

0.5 

. 

Commercial  casein 

6.0 

Manganese  sulfate 

k 

0.1 

Protein  (N  x  6.2»- 

►  )  % 

24.56 

Crude   fiber   % 

1 

5.18 

Moisture    % 

9.74 

Calcium  9f 

1.05 

Ash   % 

5.46 

Phosphorus 

i   % 

0.63 

Ether  extract  ^A 

5.43 

Manganese 

% 

0.01 

Riboflavin 

—  micrograms  per  100  gm. 

575 

Vi  +  omin     A 

.    . Tnfo 

rnQfiriTifll   imit.R  npr   10 

0  crm. 

1724 

and  a  riboflavin  content  of  5,630  pg.  per  pound.  A  vitamin  D  assay  of 
the  alfalfa  meal  using  rats  as  experimental  animals  showed  that  it  con- 
tained between  363  and  454  F.S.P.  units  per  pound.  This  amount  was 
considered  negligible  since  it  was  presumed  to  be  the  ineffective  acti- 
vated plant  sterol  type.  The  results  proved  this  to  be  true. 

A  preliminary  trial  employing  3  groups  of  poults  was  conducted  for 
the  purpose  of  testing  the  suitability  of  the  basal  diet  described  in  table 
1  and  of  securing  some  indication  of  the  response  which  might  be  ob- 
tained to  two  supplements  representing  diverse  sources  of  vitamin  D. 
One  group  of  poults  received  the  basal  diet  alone,  the  second  received 
a»  a  supplement  to  the  basal  115  A.O.A.C.  units  per  100  gm.  of  diet 
from  fortified  sardine  oil,  while  the  third  received  as  a  supplement  105 
A.O.A.C.  units  per  100  gm.  of  diet  from  irradiated  7-dehydrocholesterol. 
The  groups  were  continued  for  4  weeks  on  these  diets.  On  the  twenty- 
eighth  day  the  survivors  were  killed  and  bone  ash  determined  by  the 
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method  described  below.  Of  the  ten  poults  started  on  the  basal,  only 
three  survived;  these  had  an  average  bone  ash  of  30.3%.  Nine  poults 
that  received  the  sardine  oil  had  an  average  bone  ash  of  4o.l%  while 
the  eight  poults  that  received  the  irradiated  7-dehydrocholesterol  had 
an  average  bone  ash  of  49.0%.  There  was  no  mortality  m  the  two 
groups  of  poults  to  which  supplements  were  given. 

These  preliminary  results  indicated  that  the  basal  diet  was  satis- 
factory for  producing  rickets  and  that  there  might  well  exist  distinct 
differences  between  different  vitamins  D  in  their  ability  to  prevent 
rachitic  manifestations  in  poults.  Thus  encouraged,  a  more  extensive 
and  quantitative  comparison  of  four  vitamin  D  supplements  from 
different  origins  was  undertaken.  Two  separate  experiments  were 
carried  out  in  which  these  supplements  were  fed  at  various  levels,  ex- 
periment 2  being  planned  and  carried  out  after  the  results  of  experiment 
1  had  been  carefully  studied. 

The  vitamin  D  supplements  employed  were:   (1)  U.S.P.  reference 
cod  liver  oil  no.  2 ;  (2)  a  corn  oil  solution  of  an  irradiated  animal  sterol; 
(3)  a  corn  oil  solution  of  irradiated  7-dehydrocholesterol;  and  (4)  a 
fortified  sardine  oil.^  These  materials  were  chosen  for  the  reason  that 
they  were  representative  of  vitamins  D  of  diverse  origin  and  also  of 
those  largelv  used  in  modern  poultry  feeds.   The  reference  cod  liver 
oil  was  a  standard  test  substance  of  known  vitamin  D  content  and  m 
addition  was  presumed  to  be  representative  of  cod  liver  oils  in  general. 
The  fortified  sardine  oil  was  supplied  with  the  assurance  that  all  of  its 
vitamin  D  activity  came  from  fish  oil  sources.    It  was  assumed  that 
its  vitamin  D  activity  would  be  representative  of  sardine  oil  plus  what- 
ever high  potency  liver  oil  was  used  for  increasing  its  D  content.   The 
irradiated  animal  sterol  was  prepared  by  irradiating  with  ultraviolet 
light  the  purified  sterol  mixture  isolated  from  a  species  of  mussel.  The 
exact  chemical  nature  of  the  vitamin  D  which  it  contained  has  not  been 
reported.  The  irradiated  7-dehydrocholesterol,  on  the  other  hand,  con- 
tained a  single  known  vitamin  D,  namely  D,.  Both  irradiated  products 
have  come  into  wide  commercial  use  under  the  designation  of  D-Acti- 

vated  Animal  Sterol. 

The  various  levels  of  the  supplements  were  introduced  into  the  diet 
by  pre-mixing  with  the  corn  oil  component.  In  order  to  establish  their 
potency  with  accuracy  the  irradiated  animal  sterol,  the  irradiated  7- 

» Thanks  are  expressed  to  E.  FuUertoti  Cook,  Chairman  of  the  Committee  o''  ^f  ^f"  °*^f ,^ 
Pharmacopoeia  of  the  United  States -of  America  for  the  reference  cod  liver  ml,  to  J.  Waddell 
of  E  I  du  Pont  de  Nemours  and  Company  for  both  the  irradiated  animal  sterol  and  irradi- 
ated V-dehydrocljolesterol,  and  to  T.  D.  Sanford  of  F.  E.  Booth  Company  for  the  fortified 
sardine  oil. 


EFFICACY    OF    D    VITAMINS    FOR    TURKEYS 


407 


dehydrocholesterol,  and  the  fortified  sardine  oil  were  carefully  as- 
sayed by  the  A.O.A.C.  chick  method  in  three  separate  laboratories. 
The  results  of  the  separate  assays  and  the  average  value  assigned  to 
each  supplement  are  summarized  in  table  2.  It  is  believed  that  the  as- 
signed values  have  a  high  degree  of  accuracy. 

White  Holland  and  Bronze  turkey  poults  were  used  in  these  investi- 
gations, representatives  of  both  breeds  being  included  in  each  group. 
Twelve  to  fourteen  poults  in  each  group  were  started  when  1  day  old 
and  kept  for  28  days  in  electrically  heated  battery  brooders  equipped 
with  hardware  cloth  floors  and  automatic  waterers.  The  brooders  were 


TABLE  2 
A.O.A.C.  chicle  assays  of  the  vitamin  D  concentrates. 


LABORATORY  ^ 

IRRADIATED 
ANIMAL  STEROL 

IRRADIATED 
7-DEHYDROCHOLESTEROL 

FORTIFIED 
SARDINE  OIL 

1 

Units  per  gm. 
445      (4)^ 

Units  per  gm. 
340       (4) 

Units  per  gm. 
435      (4) 

2 

404 
403 

(4) 
(3) 

342 

(4) 

408 

(4) 

3 

423 
'       399 

(3) 
(3) 

415 
411 

(3) 
(3) 

450 

(3) 

Assigned  values 

415 

375 

430 

^  Laboratory  1,  the  Department  of  Agricultural  and  Biological  Chemistry  of  The  Pennsyl- 
vania State  College.  Laboratory  2,  the  Laboratory  of  Vitamin  Technology,  Chicago  Labora- 
tory 3,  the  Biological  Laboratory  of  E.  I.  du  Pont  de  Nemours  and  Company,  New  Brunswick, 

N.  J. 

^  The  figure  in  parentheses  following  each  assay  value  represents  the  number  of  groups  of 

chicks  used  in  that  assay. 

located  in  a  laboratory  from  which  all  direct  sunlight  was  excluded  by 
covering  the  closed  windows  with  heavy  brown  paper.  The  experi- 
mental diets  and  tap  water  were  supplied  ad  libitum. 

At  the  conclusion  of  each  experiment  the  surviving  poults  were 
killed  and  the  tibias  removed  for  ash  determination.  This  was  done 
essentiallv  as  outlined  in  Official  and  Tentative  Methods  of  Analysis 
('40),  except  that  the  extraction  was  continued  for  30  hours  with  95% 
ethyl  alcohol  followed  by  30  hours  with  ethyl  ether.  The  extracted 
bones  were  dried  to  constant  weight  at  103°C.  and  then  ashed  by  plac- 
ing the  crucibles  in  a  cold  furnace  and  raising  the  temperature  slowly 
to  400° C  The  total  time  required  for  this  method  of  ashing  approxi- 
mated 16  hours,  during  the  last  three  of  which  the  temperature  was  in- 
creased to  800° C.   While  the  bones  were  individually  ashed  only  the 
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average  value  for  each  group  has  been  recorded  in  the  subsequent 
tables. 

RESULTS  AND  DISCUSSION 

In  the  first  experiment  nineteen  groups  of  poults  were  used.  These 
were  divided  as  follows :  poults  in  one  group  received  the  basal  diet 
alone ;  six  groups  of  poults  received  the  basal  plus  levels  of  reference 
cod  liver  oil  ranging  from  20  to  200  units  per  100  gm.  of  diet ;  and  four 
groups  of  poults  were  placed  on  each  of  the  other  three  supplements. 
The  levels  at  which  these  supplements  were  fed  were  chosen  in  the  hope 
that  they  would  yield  responses  which  could  be  compared  quantitatively 
with  those  given  by  the  reference  oil.  The  range  originally  planned 
was  from  20  to  120  A.O.A.C.  units  of  each  supplement  per  100  gm.  of 
diet  but  the  final  assigned  A.O.A.C.  potency,  calculated  after  the  turkey 
experiments  had  been  started,  modified  these  values  slightly.  Detailed 
information  on  the  results  obtained  from  experiment  1,  such  as  mor- 
tality, body  weight,  dry  weight  of  bone,  and  bone  ash  percentage  is 
summarized  in  table  3. 

TABLE   3 
Summary  of  experiment  1. 


GROUP 


SUPPliKMENT  PER 
100  GM.  BASAL  DIET 


Source 


msr. 


None 


0 


A.O.A.C 

units 


0 


MOR- 
TALITT 

l»UE  TO 
RICKETS 

<7c 


92 


No.  of 
poults 


RESULTS  AT  4  WEEKS  OF  AGE 


Body 

weieht 

Km. 


112 


Tibia 

weifirht 

em. 


.4221 


Tibia 
ash 


25.5 


2 

Beference 

174 

^     20 

92 

1 

192 

.5780 

32.4 

8 

cod  liver 

348 

40 

67 

4 

209 

.6776 

32.8 

4 

oil 

696 

80 

0 

12 

260 

^    .8352 

35.0 

5 

1043 

120 

0 

12 

307 

.9915 

42.7 

6 

1391 

160 

0 

12 

285 

.9199 

42.2 

7 

.      1739. 

200 

.      0 

13 

« 

.  302 

.9780 

44.6 

i 

Irradiated 

47 

19 

42 

7 

176 

.5885 

31.5 

9 

animal 

.    93 

39 

8 

10 

247 

.7770 

37.4 

10 

sterol 

186 

77 

0 

13 

265 

.8069 

47.7 

11 

t 

279 

116 

8 

12 

276 

.8703 

48.7 

18 

Irradiated 

47 

.*  '    17 

64 

4 

186 

.5845 

31.0 

18 

7-dehydro- 

93 

35 

8 

11 

217 

.7302 

34.8 

U 

cholesterol 

186 

70 

0 

13 

335 

1.0677 

45.8 

15 

279 

105 

0 

13 

299 

.9304 

46.1 

16 

Fortified 

44 

19 

69 

4 

187 

.5648 

27.4 

17 

sardine 

89 

38 

42 

7 

210 

.6933 

31.3 

18 

oU 

178 

76 

22 

7 

242 

.7442 

38.3 

19 

267 

115 

0 

12 

294 

.9261 

41.2 
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In  order  to  confirm  the  surprising  differences  in  efficacy  noted  among 
the  supplements  in  the  first  experiment,  a  second  was  carried  out.  In 
this  second  experiment  20  groups  of  poults  were  used,  these  being  dis- 
tributed as  in  the  first  except  that  7  groups  of  poults  received  reference 
cod  liver  oil.  The  levels  fed  of  each  supplement  were  adjusted  some- 
what from  those  used  in  the  first  experiment  in  order  to  facilitate  quan- 
titative comparisons.  In  addition,  higher  levels  of  reference  cod  liver 
oil  were  fed  because  of  the  evidence  that  200  units  did  not  produce 
maximum  bone  ash  in  the  first  experiment.  Details  and  results  of  ex- 
periment 2  are  presented  in  table  4. 


TABLE  4 

Summary 

of  experiment  ^. 

• 

- 

SUPPLEMENT  PER 
100  GM.  BASAL  DIET 

MOR- 
TALITY 
DUB  TO 
RICKETS 

% 

RESULTS  AT  4  WEEKS  OF  AGE 

No.  of 
poults 

Body 

weischt 

sriTi. 

Tibia 
weisrht 

KUl. 

Tihift 

GROUP 

Source 

V 

mg. 

A.O.A.C. 

units 

ash 

% 

1 

None 

0 

0 

88 

1 

137 

.7106 

28.3 

2 

Reference 

348 

40 

10 

9 

226 

.6112 

33.5 

3 

«od  liver 

522 

60 

0 

8 

261 

.7121 

38.7 

4 

oil 

696 

80 

* 

8 

295 

.8676 

40.5 

5 

870 

100 

^ 

10 

284 

.8411 

42.6 

6 

1217 

140 

••., 

=    9 

279 

.8208 

46.4 

7 

1739 

200 

0 

10 

302 

.9825 

47.1 

8 

r  ■ 

2609 

300 

t 

8 

302 

.9278 

47.3 

9 

10 
11 
12 

Irradiated 
animal 
sterol 

.     93 
140 
186 
233 

39 
58 
77 
97 

0 
0 

0 

0 

9 

8 
9 
5 

231 
264 
237 

287 

.6465 
.7394 
.6829 

.8478 

40.8 
46.2 
49.1 
49.1 

13 
14 
15 
16 

Irradiated 
7-dehyd'ro- 
cholesterol 

93 
140 
186 
233 

35 
52 

70 
87 

0 

0 
0 

7 

8 
7 

7 

203 
234 
282 
252 

.5869 
.6563 
.8747 
.7505 

39.1 
42.5 
47.6 
49.1 

17 
18 
19 
20 

Fortified 
sardine 
oil 

133 
222 
311 
444 

57 

96 

134 

191 

0 
0 
0 
0 

8 
9 
8 
9 

230 
228 
283 
326 

.6210 
.6564 
.8650 
.9388 

41.2 
44.7 
47.5 
49.8 

The  data  representing  the  bone  ash  response  obtained  in  experi- 
ments 1  and  2  are  presented  graphically  in  figures  1  and  2,  respectively, 
the  percentage  bone  ash  being  plotted  against  the  number  of  A.O.A.C. 
units  fed  of  each  supplement. 

From  a  study  of  the  results  of  these  experiments  it  was  quite  clear 
that  the  vitamins  D  in  the  two  irradiated  products  were  much  more 
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effective  in  promoting  calcification  in  turkey  poults  than  those  of  the 
fish  Ss  l!n  compared  on  the  basis  of  the  A.O.A  C.  chxck  umts  fed. 
The  results  of  the  two  experiments  agreed  very  well. 

An  inspection  of  the  graphs  indicates  that  the  response  curves  of  the 
two  irradiated  products  have  a  different  slope  from  the  response  curves 
of  the  fish  oils  It  is  obvious,  therefore,  that  in  attempting  to  give 
numerical  expression  to  the  differences  in  efficacy  under  these  condi- 
tions a  different  value  will  be  obtained  for  every  level  of  response  at 


501 
(0 

< 

(D 
P45 


1*0 

< 

UJ 
O 

oc      , 
u30^ 

0. 


O—O     IRRAO.     ANIMAL     STEROL 
IRRAO      7-OEHYOROCHOL. 
0       0      0    FORT     SARDINE     OIL 
»_H, K    COO    LIVER    OIL 


APPROXIMATED     LINE-CLO. 


Pig.  1 


'-I -5- -^ iSo ^  200 

AOAC     UNIT3    VITAMIN  D  PER    100 CM.     DIET 

Bone  ash  responses  of  poults  fed  vitamin  D  from  different  sources.   Experiment  1, 


< 


^40 

< 

U 

o 

UJ 


40  BO 

AOAC     UNITS 


120 


leo  200 

VITAMIN  Dper  IOOgm.    DIET 


-JVV^. 


3  00 


Fig.  2     Bone  ash  responses  of  poults  fed  vitamin  D  from  different  sources.   Experiment  2. 

which  the  comparison  is  made.  For  the  present  purpose  a  straight  line 
of  best  fit  has  been  drawn  (by  inspection)  through  the  cod  liver  oil 
responses  in  each  experiment.  By  placing  on  these  approximated  lines 
the  equivalent  bone  ash  responses  of  the  other  supplements  the  corre- 
sponding units  have  been  read  for  each  level  fed.  By  comparing  these 
"response"  units  with  the  number  of  A.O.A.C.  units  actually  fed  the 
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average  efficacy  ratio  of  each  supplement  as  compared  with  the  refer- 
ence oil  was  calculated.  These  calculations  for  both  experiments  have 
been  summarized  and  averaged  in  table  5. 

TABLE   5 
Efficacy  ratio  of  the  three  siqiplements  compared  with  reference  cod  liver  oil. 


SUPPLEMENT 


Irradiated 
animal 
sterol 


Irradiated 
7-dyhydro- 
cholesterol 


Fortified 
sardine 
oil 


Irradiated 
animal 
sterol 


Irradiated 
7-dehydro- 
cholesterol 


Fortified 
sardine 
oil 


GROUP 
NO. 


9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 


9 

10 
11 
12 

13 
U 
15 
16 

17 
18 
19 
20 


TIBIA 
ASH 

% 


A.O.A.C. 

UNITS 

FED 


A.O.A.C.  UNITS 

FROM  C.L.O. 

LINE 


EFFICACY 

RATIO 

CLO  =  1 


Experiment  1 

. 

31.5 

19 

38 

2.0 

37.4 

39 

91 

2.3 

47.7 

77 

183 

2.4^ 

48.7 

* 

116 

192 

1.7^ 
Average  2.1 

31.0 

17 

33 

1.9 

34.8 

35 

68 

1.9 

45.8 

70 

160 

2.3* 

46.1 

105   . 

170 

1.6* 

- 

Average  1.9 

27.4 

19 

•  • 

•  • 

31.3 

38 

35 

0.9 

38.3 

76 

99 

1.3 

41.2 

115 

125 

1.1 

Average  1.1 

Experiment  2 

40.8 

39 

87 

2.2 

46.2 

58 

134 

2.3 

49.1 

77 

158 

2.1 

49.1 

97 

158 

1.6* 
Average  2.1 

39.1 

35 

73 

2.1 

42.5 

52 

106 

2.0 

47.6 

70 

145 

2.1* 

49.1 

87 

158 

1.8* 
Average  2.0 

41.2 

57 

91 

1.6 

44.7 

96 

120 

1.3 

47.5 

134 

145 

1.1* 

49.8 

191 

164 

0.9* 
Average  1.2 

-^alue  obtained  by  extending  a'^;;;;;;i^:^t;d7traight  line  for  the  cod  liver  oil. 

By  this  procedure  it  will  be  seen  that  the  efficacy  ratio  for  the  irradi- 
ated animri  sterol  averaged  2.1  in  both  experiments  that  of  the  irradi- 
ated Hehydrocholesterol  1.9  and  2.0,  and  that  of  the  fortified  sardme 
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oil  1.1  and  1.2.  Obviously,  for  the  reasons  already  mentioned,  the  ra- 
tios calculated  at  the  high  bone  ash  responses  are  relatively  less  valu- 
able from  a  quantitative  standpoint  since  it  was  only  by  extrapolatmg 
the  straight  line  of  the  cod  liver  oil  beyond  the  actual  values  given  by 
this  supplement  that  comparisons  could  be  made  at  these  levels.  Actu- 
ally, the  reference  oil,  even  when  fed  at  300  units  per  100  gm.  of  diet 
never  gave  as  high  bone  ash  values  as  the  other  supplements.  Conse- 
quently, if  one  compares  the  efficacy  of  the  supplements  at  the  level  re- 
quired to  give  maximum  calcification,  values  appreciably  greater  than 
the  averages  given  in  table  5  would  be  indicated. 

This  suggests  that  turkeys,  at  least  under  the  conditions  of  these 
experiments,  utilize  certain  forms  of  vitamin  D  with  degrees  of  efficacy 
that  differ  from  chickens  and  exhibit  a  higher  degree  of  species  specifi- 
city than  chickens.  Certainly,  it  can  be  said  that  the  A.O.A.C.  chick 
unitage  is  not  necessarily  a  true  measure  of  the  value  of  a  vitamin  D 

source  for  turkeys.  ^  o     *    j  /  »qq\ 

The  results  here  reported  confirm  those  of  Jukes  and  bantord  (  6^) 
in  regard  to  the  relative  efficacy  of  reference  cod  liver  oil  and  fortified 
sardine  oil.  It  is  to  be  remembered,  however,  that  Jukes  and  Sanford 
( '39)  used  U.S.P.  reference  cod  liver  oil  no.  1.  While  reference  cod  liver 
oil  is  measurably  less  effective  than  fortified  sardine  oil,  on  the  basis  of 
chick  unit  content,  the  slopes  of  their  response  curves  are  similar  where- 
as both  are  distinctly  different  from  the  slopes  of  the  irradiated 
products  curves.  If  reference  cod  liver  oil  and  fortified  sardine  oil  can 
be  assumed  to  be  representative  of  fish  oils  generally,  then  200  units 
per  100  gm.  of  diet  from  such  sources  may  be  considered  an  approxi- 
mation of  the  "requirement"  of  turkey  poults.  In  contrast,  approxi- 
mately 80  units  from  irradiated  animal  sterol  or  irradiated  7-dehydro- 
cholesterol  would  satisfy  the  ' '  requirement ". 

This  interpretation  may  explain  the  results  of  Carver  and  Rhian 
( '42)  Possibly  the  reinforced  cod  liver  oil  used  by  them  contained  an 
irradiation  product  since  concentrates  of  irradiated  animal  provitamins 
are  used  in  preparing  such  blends.  It  is,  of  course,  also  a  possibihty 
that  fish  oils  from  different  species  or  from  the  same  species  at  differ- 
ent times  may  vary  greatly  in  the  efficacy  for  turkeys  of  their  vitamins  D. 
It  is  more  difficult  to  explain  Hammond's  ('41)  results  with  refer- 
ence cod  liver  oil.  Since  his  paper  was  submitted  for  publication  m 
August  1940  it  may  be  assumed  that  he  used  reference  cod  liver  oil 
no  1  the  same  that  was  used  by  Jukes  and  Sanford  ('39),  yet  he  re- 
ported good  protection  with  a  level  of  80  units  per  100  gm.  of  diet.  It 
is  well  known  that  the  calcium  and  phosphorus  contents  of  the  diet  m- 
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fluence  the  calcification  of  the  bones  but  this  would  not  seem  to  resolve 
the  difficulty  since  Hammond's  diet,  while  containing  more  calcium  and 
phosphorus  than  the  diet  used  in  these  experiments,  contained  less  of 
both  than  the  diet  used  by  Jukes  and  Sanford.  The  question  arises  if, 
by  chance,  the  * '  vitamin  D-f ree  commercial  concentrate ' '  of  vitamin  A 
used  by  Hammond  may  actually  have  carried  some  vitamin  D.  Unfor- 
tunately, there  was  no  group  of  poults  in  his  experiment  that  received 
the  basal  diet  without  the  addition  of  a  vitamin  D  concentrate. 

SUMMARY 

1.  Different  levels  of  vitamin  D  from  four  different  sources,  namely, 
U.S.P.  reference  cod  liver  oil  no.  2,  a  sardine  oil  fortified  with  fish  liver 
oils,  an  irradiated  animal  sterol,  and  irradiated  7-dehydrocholesterol 
were  fed  to  poults  as  supplements  to  a  rickets-producing  diet  during 
the  first  4  weeks  of  life..  All  supplements  were  fed  on  the  basis  of  their 
A.O.A.C.  chick  unit  potency. 

2.  There  were  distinct  differences  in  efficacy  among  the  supplements, 
suggesting  that  the  poult  utilizes  certain  forms  of  vitamin  D  with  de- 
grees of  efficacy  that  differ  from  the  chick  and  in  this  response  exhibits 
a  higher  degree  of  species  specificity  than  the  chick. 

3  The  vitamin  D  of  the  two  irradiated  products  was  distinctly  more 
efficacious,  on  the  basis  of  chick  units  fed,  in  increasing  the  ash  content 
of  the  bones  than  the  vitamin  D  of  reference  cod  liver  oil.  Companng 
the  results  obtained  over  the  entire  range  of  bone  ash  responses,  this 
difference  in  efficacy  is  of  the  order  of  2  to  1.  While  the  fortit^ed  sardine 
oil  was  measurably  more  efficacious  than  the  reference  cod  liver  oi ,  it 
gave  a  response  curve  more  nearly  like  that  ot  cod  liver  oil  than  like 

the  irradiated  products.  j  •     a  a  a  n 

4  It  is  concluded  that  the  vitamin  D  potency  expressed  m  A.O.A.a 
chick  units  is  not  necessarily  a  true  measure  of  the  value  of  a  vitamm  D 
supplement  for  turkeys. 
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Comparative  Spray  Deposits  and  Scab  Control  from 
Speed  Sprayer  and  Single-Multiple  Gun  Sprayer^ 

By  D.  E.  H.  Frear,  H.  J.  Miller,  and  F.  N.  Fagan, 
Pennsylvania  Agricultural  Experiment  Station, 

State  College,  Pa, 

THE  so-called  Speed  Sprayer,  introduced  during  recent  years  as  a 
means  of  reducing  labor  costs  and  speeding  up  the  application  of 
orchard  insecticides  and  fungicides,  has  been  adopted  by  a  number  of 
fruit  growers  in  this  section  of  the  country.  This  new  type  of  sprayer 
consists  of  a  series  of  small,  low-pressure  nozzles  through  which  the 
spray  material  is  discharged,  a  large  propeller  which  produces  a  strong 
air  blast  to  drive  the  spray  mist  against  the  trees,  and  a  series  of 
vanes  by  which  the  driven  mist  is  directed.  While  there  is  a  limited 
amount  of  information  available  on  the  practical  use  of  the  Speed 
Sprayer,  there  are  few  references  in  the  literature  to  quantitative  stud- 
ies on  the  spray  deposit  produced  by  this  machine  in  comparison  to  the 
older  conventional  types  of  sprayers.  Kadow  and  Hopperstead  (3) 
have  reported  briefly  on  the  deposits  produced  by  several  types  of 
sprayers,  including  the  Speed  Sprayer.  Their  results  indicate  that 
considerably  less  spray  material  was  deposited  on  the  tops  of  the 
trees  than  on  the  lower  portions  of  the  trees.  The  greatest  diflPerences 
were  on  large  trees.  Hopperstead  et  al.  (2),  and  Weber  and  McLean 
(4)  have  also  reported  briefly  on  the  subject. 

Experimental 

During  1943,  the  first  year  of  this  comparative  study,  eight  rows, 
each  containing  18  trees,  were  used.  Four  rows  were  of  the  Stayman 
Winesap  variety,  and  four,  Mcintosh.  The  rows  were  adjacent  to 
each  other  in  a  nearly  level  5-acre  orchard  block.  The  trees  were  27 
years  old,  the  Staymans  being  approximately  24  feet  tall  and  the 
Mcintosh  30  feet. 

A  total  of  eight  sprays  was  applied  to  these  trees  durmg  the  season 
of  1943.  The  dates  of  application  and  composition  of  these  sprays  are 
given  in  Table  I.  Sprays  were  applied  simultaneously  with  both  spray- 
ers, two  rows  of  each  variety  being  sprayed  with  the  Speed  Sprayer 
and  two  with  the  regular  high  pressure  apparatus.  In  usmg  the  latter 
to  apply  the  cover  sprays  one  man  sprayed  the  trees  from  the  top  ot 
a  10-foot  tower,  using  an  8-nozzle  broom,  while  one  man  covered  the 
interior  of  the  tree  from  the  ground,  using  a  smgle-nozzle  spray  gun. 
An  attempt  was  made  to  secure  thorough  coverage  of  each  tree,  al- 
though the  operation  was  done  as  rapidly  as  possible.  The  trees  were 
sprayed  with  the  broom  from  both  sides.  ,     ,     . .        . 

With  the  Speed  Sprayer  the  spray  was  applied  from  both  sides  of 
the  row.  The  months  of  May  and  June  in  State  College  were  very 
windy,  and  it  was  necessary  to  apply  the  first  five  sprays  while  the 

'Authorized  for  publication  on  December  27.  1943  as  PaP"  No.  1215  in  the 
Journal  Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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wind  was  blowing.  It  is  to  be  noted  that  the  operator  of  the  Speed 
Sorayer  was  unfamiliar  with  the  outfit  at  first.  Later  in  the  season  a 
hood  and  six  additional  nozzles  were  added  to  the  Speed  Sprayer 
increasing  the  efficiency  of  the  machine.  This  was  not  done  until  the 
Ltcov^^^  spray,  however,  so  that,  in  general,  the  results  reported  in 
this  paper  were  secured  with  the  machine  as  it  came  from  the  factory, 
equipped  with  86  nozzles. 

TABLE  I— Composition  and  Dates  of  Application  of  Sprays 


Name  and  Time 


Composition  (Per  100  Gallons) 


Delayed  dormant  April  26 
Pre-pink  May  5 

Full  bloom  May  12 

Petal  fall  May  19 


First  cover 


June  1 


Second  cover  June  14 


Third  cover  June  28 

Fourth  cover  July  24 


Lime  sulfur  solution 
Lime  sulfur  solution 
Dry  lime  sulfur 
Dry  lime  sulfur 
Hydrated  lime 
Lead  arsenate 
Nicotine  sulfate 
Dry  lime  sulfur 
Hydrated  lime 
Lead  arsenate 
Nicotine  sulfate 
Lead  arsenate 
Copper  sulfate 
Hydrated  lime 

Same  as  second 
Same  as  second 


1.5  gallons 
1.5  gallons 
5.0  pounds 
4.0  pounds 
3.0  pounds 
3.0  pounds 
1.0  pint 
4.0  pounds 
3.0  pounds 
3.0  pounds 
0.5  pint 
3.0  pounds 
1.0  pounds 
3.0  pounds 
cover 
cover 


Samples  of  30  leaves  were  taken  from  the  tops  of  each  of  six  trees 
of  each  treatment,  and  a  like  number  from  the  bottoms  of  the  trees. 
Leaves  were  taken  from  the  middle  of  the  terminal  growth,  and  were 
removed  to  the  laboratory,  where  discs  having  an  area  (one  side)  ot 
8  3  square  centimeters  were  cut  from  the  leaves.  These  discs  were 
counted  and  ashed,  and  lead  was  determined  in  the  ash  by  the  method 
of  Frear  and  Haley  ( 1 ) .  Each  treatment  thus  was  represented  by  180 
leaves  from  the  top,  and  the  same  number  from  the  bottom  of  the 
trees,  on  each  sampling  date.  Fruit  samples  were  taken  at  the  date 
of  the  third  cover  spray,  June  28,  and  analyzed  for  lead. 

Counts  were  made  of  the  percentage  of  scab-infected  leaves  on 
July  13,  and  records  of  the  scab  on  the  fruit  were  taken  at  harvest. 

TABLE  II— Milligrams  of  Lead  per  Square  Meter  of  Surface 

Cover  Sprays  —  Season  of  1943 


Stayman  Winesap 

Mcintosh 

Date 

Top  of  Tree 

Bottom  of  Tree 

Top  of  Tree 

Bottom  of  Tree 

. 

Speed 
sprayer 

High 
Pressure 

speed 
Sprayer 

High 
Pressure 

Speed 
sprayer 

High 
Pressure 

Speed 
Sprayer 

High 
Pressure 

Leaves.  Tun  1 
Leaves,  Jun  14 
Leaves,  Jun  28 
Leaves.  Jul  23 
Fruit,  Jun  28 
Mean  (leaves) 
Per  cent  scab, 
leaves,  Jul  13 

2.5** 
20.5** 
37.5** 
34.6** 

7.5 
23.8 

37.3 
60.4 
74.8 
69.6 
13.2 
60.5 

63.1** 
81.0 
87.6 
71.3 
9.1 
75.8 

31.2 
70.5 
85.6 
68.7 
15.9 
64.0 

11.7** 
13.6** 
18.9* 
18.6** 
2.7** 
15.7 

6.9** 

24.7 
55.1 
37.8 
57.2 
6.7 
43.7 

2.3 

41.0** 
66.4** 
87.6** 
87.2** 

9.1 
70.6 

0.3 

27.8 
49.6 
68.3 
65.2 
7.6 
52.7 

0.3 

*Significant  difference  between  two  figures,  (Speed  Sprayer  vs. 
♦*Significant  diflference  between  two  figures.  (Speed  Sprayer  vs. 


High  Pressure)  odds  19:1 
High  Pressure)  odds  99:1. 
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Results 

Spray  Deposits: — The  results  of  the  lead  analyses  are  given  in 
Table  II,  expressed  as  milligrams  of  lead  per  square  meter  of  surface. 
The  high  pressure  sprayer  produced  a  significantly  higher  deposit  on 
the  leaves  at  the  top  of  the  trees  than  did  the  Speed  Sprayer.  This  was 
true  throughout  the  season,  and  on  both  varieties  of  apples.  On  the 
lower  leaves,  the  Speed  Sprayer  produced  the  heavier  deposit  in  five 
out  of  eight  cases.  The  Mcintosh  trees  showed  a  consistently  heavier 
deposit  on  the  lower  leaves  when  sprayed  with  the  Speed  Sprayer 
than  with  the  high  pressure  outfit. 

TABLE  III— Amounts  of  Spray  Mixture  Required 

TO  Cover  Each  Tree 


Average  Number  Gallons  Per  Tree 

Date 

Speed  sprayer 

High  Pressure 

A«T-  0(K                                                    

15.1 
13.9 
13.8 
15.7 
17.5 
21.1 
20.8 
23.0 

17.6 

13.0 

Apr  ^D 

12.3 

May  5 

TV/I  O  TT  1  9                                        

11.6 

jviay  \.£> 

X/f  _,.  1  Q                                               

13.8 

May  ly 

Jun  1 • 

Jun  14 

Jun  28 

Jul  24 

Mpan _^_^_^_^_j_^_u_jj_j_ 

17.0 
18.8 
17.4 
18.8 

15.3 

The  results  of  the  analyses  of  the  fruits'  were  not  so  conclusive, 
only  one  significant  difference  being  observed,  in  the  case  of  the  Mc- 
intosh top  fruits,  where  the  deposit  was  heavier  with  the  high  pres- 
sure sprayer.  The  mean  values  for  all  sampling  dates  are  shown  in 
Table  II,  and  indicate  quite  clearly  that  the  high  pressure  sprayer 
produced  a  greater  spray  deposit  in  the  tops  of  the  trees  jMe  the 
Speed  Sprayer  produced  the  heavier  deposit  in  the  bottoms  of  the 

^^^Amounts  oj  Spray  Required:-TMe  III  shows  the  amounts  of 
sprlrrequlred  to  cover  each  tree  with  the  two.  types  of  sprayers  In 
:re?y  case  a  greater  number  of  gallons  was  -qui-d  to  cover  each  tree 
with  the  Speed  Sprayer,  the  mean  difference  being  2.3  gallons  per 

^'%ect  oi  TvPe  of  Sprayer  on  Disease  Control:-Tht  scab  counts 
t-ffect  OJ  yP^^I  :^y'  y^    revealed  no  infect  on  on  the  Stayman 
on  leaves  taken  on  July  li,  reveaiea  no  m  .^         difference 

variety.  On  the  Mcintosh,  however  there  was  a  s.gmficant  difference 
in  the  percentages  of  the  amount  of  scab  '"the  ops  of  thj  trees,  i  he 
leaves  '-m  th\  tops  of  the  ^ees  spr^yj^w^  s^rty'tpoS  hid 
sprayer,  and  which  (Table  II)  had  a  "^^^  /  4  ed  ^ith  the 
significantly  less  scab  than  those  from  the  trees  sp  ay 
Speed  Syrayer.  There  was  no  significant  difference  in  the  leaves 

the  bottoms  of  the  trees.  examined  for  apple  scab. 

At  the  time  of  the  harvest,  600  *ruit  were  exam  y^ 

300  each  from  the  top  and  bottom  ^^  ^he  Mcintosh  tre^s.  lop 
sprayed  with  the  Speed  Sprayer  sho^^^^^^^^^^^^ 
cent  when  sprayed  with  the  high  pressure  uul 
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percentages  on  fruits  from  the  bottoms  of  the  Mcintosh  trees  were 
1.5  and  0.9,  respectively.  There  was  no  scab  on  the  fruit  of  the  Stay- 
man  trees,  and  no  codling  moth  injury  on  any  fruit  of  either  variety. 
Grading  records  of  535  bushels  of  Mcintosh  and  473  bushels  of 
Stayman  fruits  are  given  in  Table  IV.  Two  composite  samples  of  Mc- 
intosh culls,  one  from  each  spray  treatment,  were  examined  individ- 
ually to  determine  the  cause  of  rejection.  The  percentages  of  the 
original  crop  rejected  because  of  scab  and  mechanical  injury  were 
calculated  from  this  detailed  examination,  and  are  also  included  in 
Table  IV.  The  proportion  of  fruits  rejected  in  this  commercial  grad- 
ing operation  because  of  scab  agrees  closely  with  the  averages  of  the 
random  fruit  counts  given  in  the  preceding  paragraph.  With  both 
varieties,  the  percentages  of  packing  house  culls  were  lower,  and  the 
percentage  of  commercial  packed  fruit  higher,  when  the  trees  were 
sprayed  with  the  high  pressure  sprayer. 

TABLE  IV— Results  of  Commercial  Grading  of  Apple  Crop  from  Two 
Varieties  Sprayed  with  the  High  Pressure  and  Speed  Sprayer 


Bushels  graded 

Ciders*  (per  cent) 

PackinR  house  culls  (per  cent) . .  . 
Mechanical  injuries  (per  cent) 
Scab  (per  cent) 

Commercial  pack  (per  cent) .  .  .  . 


Stayman 


Speed 
Sprayer 


301 
1.3 
17.6 


81.1 


Hi^h 
Pressure 


172 
1.7 
11.6 


86.7 


Mcintosh 


Speed 
Sprayer 


215 
8.8 
27.4 

(14.9) 
(9.6) 
63.8 


High 
Pressure 


320 
5.6 
20.0 

(11.9) 
(4.8) 
74.4 


♦Under  2^  inches;  not  sorted  except  for  size. 

Time  and  Labor  Factor:— The  500-gallon  Speed  Sprayer  was 
hauled  through  the  orchard  by  a  track  tractor.  The  tractor  operator 
also  operated  the  sprayer.  The  sprayer  was  refilled  in  the  orchard  by 
a  truck  mounted  supply  tank.  Agitation  power  and  refilling  pump 
for  the  supply  tank  were  operated  by  power  takeoflF  from  the  supply 
truck  engine.  The  supply  tank  operator  mixed  the  spray  material  as 
the  tank  was  being  filled  with  water  at  the  loading  station.  These  two 
men  operating  truck  and  sprayer  are  classed  as  a  spray  unit. 

The  high  pressure  sprayer  was  also  drawn  by  a  track  tractor,  but 
the  tractor  operator  did  no  spraying.  For  the  first  four  sprays  one 
man  applied  the  sprays,  while  in  the  four  cover  sprays  two  men  were 
used,  one  on  the  ground  and  one  on  a  tower  attached  to  the  sprayer. 
The  high  pressure  outfit  was  not  serviced  in  the  orchard  by  a  supply 
tank  but  the  entire  crew  returned  to  the  filling  station  for  refilling  and 
spray  mixing. 

The  Speed  Sprayer  unit  averaged  in  the  first  four  sprays  2.36 
times  as  fast  as  was  the  spraying  done  by  the  two  men  operating  the 
35  gallon  high  pressure  sprayer  of  400  gallons  capacity.  In  the  four 
cover  sprays,  the  Speed  Sprayer  unit  averaged  2.48  times  as  fast  with 
a  two-man  crew  as  did  the  high  pressure  sprayer  unit  with  a  three- 
man  crew. 
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The  Speed  Sprayer,  as  used  in  orchard  trials  on  two  varieties  of 
apples  during  the  1943  season,  was  compared  with  the  conventional 
hieh  pressure  sprayer.  Deposits  of   spray  produced  by  the  Speed 
Sprayer  were  lower  on  the  tops  of  the  trees  and  higher  on  the  bot- 
toms of  the  trees  than  those  from  the  high  pressure  sprayer.  The  low 
sprav  deposit  on  the  tops  was  reflected  in  increased  scab  incidence  on 
the  leaves  and  fruits  of  the  Mcintosh  variety,  and  the  amount  of  com- 
mercial packed  fruit  was  lower  from  the  trees  sprayed  with  the  Speed 
Sprayer    The  name  "Speed  Sprayer"  indicates  rapid  apphcation  of 
material.  The  study  of  time  and  labor  in  this  test  shows  applications 
were  made  on  an  average  of  more  than  twice  as  fast  with  the  same 
amount  of  labor  as  by  the  high  pressure  sprayer.  These  studies  will 
be  continued  during  the  1944  season. 
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SUN  HELM 

(Continued  from  page 


result  is  a  stiff  laminated  paper  shell  drawn  to  the  ex- 
act shape  of  the  master  mold  and  in  a  standard  head 

size. 

The  next  step  is  the  application  of  a  thin  coating  of 
cork  both  inside  and  outside  this  shell.  First,  the  in- 
side of  the  shell  is  sprayed  with  "Plaskon"  and  then 
filled  to  the  brim  with  powdered  cork  which  is  lightly 
depressed  by  hand  and  then  emptied  into  another  shell. 
Enough  of  the  cork  ppwder  adheres  to  the  adhesive  to 
form  a  uniform  coating  over  the  entire  surface.  By  a 
similar  method,  the  exterior  of  the  shell  receives  its 
layer  of  cork  powder,  after  which  the  shell  is  re-inserted 
in  the  hydraulic  mold  and  the  new  surfaces  compressed 

and  bonded.  l  n   • 

Back  to  the  spray  booth  once  more  and  the  shell  is 
Plaskon-sprayed  on  the  outside  only,  then  placed  on 
the  master  mold  and  a  layer  of  helmet  cloth  applied. 
The  cloth  has  already  been  cut  into  squares  and  one 
square  is  stretched  over  each  shell  and  heat  and  pressure 
applied  to  complete  the  bond.  The  combmation  of  plas^ 
tic  adhesive,  heat  and  pressure  does  its  job  swiftly  and 

''^^Te^trLming  bench,  a  small  saw  cuts  away  super- 
fluous helmet  cloth  and  paper  shell,  leaving  a  deep  un- 
finished brim,  the  inside  of  which  is  next  painted  wit 
a  thermoplastic.  Heat  and  pressure  treatment  in  still 
another  hydraulic  press  rolls  this  painted  edge  and 
forms  a  strong  secure  brim  of  uniform  size. 

At  this  stage,  preliminary  inspection  rejects  any  hel 
mets  that  may  be  faulty  in  finish  or  appearance^    Ap- 
proved  helmets   pass   on   to   a   machine   which   ?""<="'« 
^[ghteen    holes   around   the   crown  ^^   -commodate    he 

leather  sweat  band,  chin  strap  «."'^. '!"?,  J  \tld   s£ 
the    helmet    is    adjusted    to    an    individual  s    head,   size. 

ponents  for  the  complete     harness     ashemu  y 

vides  the  Canadian  Soldjr  wit  ^^^^  ^^^^^     ^^  ^^^ 

weather  warfare,    ^o.  soimer,  »F^      .,       ^  ,    .      . 
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SUN  HELMETS 

(Continued  from  page  157) 


result  is  a  stiff  laminated  paper  shell  drawn  to  the  ex- 
act shape  of  the  master  mold  and  in  a  standard  head 
size. 

The  next  step  is  the  application  of  a  thin  coating  of 
cork  both  inside  and  outside  this  shell.  First,  the  in- 
side of  the  shell  is  sprayed  with  "Plaskon"  and  then 
filled  to  the  brim  with  powdered,  cork  which  is  lightly 
depressed  by  hand  and  then  emptied  into  another  shell. 
Enough  of  the  cork  ppwder  adheres  to  the  adhesive  to 
form  a  uniform  coating  over  the  entire  surface.  By  a 
similar  method,  the  exterior  of  the  shell  receives  its 
layer  of  cork  powder,  after  which  the  shell  is  re-inserted 
in  the  hydraulic  mold  and  the  new  surfaces  compressed 
and  bonded.  \ 

Back  to  the  spray  booth  once  more  and  the  shell  is 
Plaskon-sprayed  on  the  outside  only,  then  placed  on 
the  master  mold  and  a  layer  of  helmet  cloth  applied. 
The  cloth  has  already  been  cut  into  squares  and  one 
square  is  stretched  over  each  shell  and  heat  and  pressure 
applied  to  complete  the  bond.  The  combination  of  plas- 
tic adhesive,  heat  and  pressure  does  its  job  swiftly  and 
permanently. 

At  the  trimming  bench,  a  small  saw  cuts  away  super- 
fluous helmet  cloth  and  paper  shell,  leaving  a  deep  un- 
finished brim,  the  inside  of  which  is  next  painted  with 
a  thermoplastic.  Heat  and  pressure  treatment  in  still 
another  hydraulic  press  rolls  this  painted  edge  and 
forms  a  strong  secure  brim  of  uniform  size.       / 

At  this  stage,  preliminary  inspection  rejects  any  hel- 
mets that  may  be  faulty  in  finish  or  appearance.  Ap- 
proved helmets  pass  on  to  a  machine  which  punches 
eighteen  holes  around  the  crown  to  accommodate  the 
leather  sweat  band,  chin  strap  and  the  cord  by  which 
the  helmet  is  adjusted  to  an  individual's  head  size. 
Meanwhile,  separate  operations  have  produced  the  com- 
ponents for  the  complete  "harness"  assembly  which  is 
now  fitted  within  the  helmet  shell. 

Now,  here  is  your  helmet  ready  for  final  inspection 
before  being  wrapped  in  tissue  paper  and  packed  in 
shipping  cartons  for  delivery.  For  military  service  hel- 
mets are  required  to  pass  a  water  test  which  specihes 
that  twenty-four  hour  immersion  in  water  shall  leave 
no  signs  of  disintegration  at  the  end  of  that  period. 

Ready  for  active  service,  the  modern  sun  helmet  pro- 
vides the  Canadian  Soldier  with  a  cool  head  for  warm 
weather  warfare.  So,  soldier,  spare  that  tree!  It  may 
one  day  be  the  mother  of  a  large  family  of  sun  helmets; 
the  proud  father,  chemistry .-rA/o/.;  Reprinted  from 
the  CI-L  Oval  a  Magazine  of  Industrial  Chemistry 
published  by  Canadian  Industries  Limited,  m  Montreal. 
Canada,)  / 

WASHINGTON  STATE  FARM 
CHEMURGIC  COMMITTEE 

At  the  annual  meeting  of  the  Washington  State  Farm 
Chemurgic  Committee,  Dr.  H.  K.  Benson  was  re-e  acted 
chairman ;  Mr.  L.  E.  Lowe,  former  secretary,  was  elected 
vice-chairman ;  Mr.  D.  B.  Noble,  agricu  tural  agent  for 
the  Milwaukee  Railroad,  Spokane,  was  elected  secretary. 
Mr.  D.  B.  Leonard,  former  vice-chairman  will  be  active 
in  the  development  of  special  project  work. 


Shells  sprayed   with  heat  setting   resin,  dry  cork  powder  poured 
in    and    out,    air-dried,    hydraulic    pressed.     5    tons. 


Stretching    the    khaki    cloth    on    the    resin    treated    shells. 


The   finished    army   sun    helmet.    Weight   6'/2    oi.,  very   strong 

and   waterproof. 
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FANWE  'D,  A  POTENTIAL  MAJOR 
SOUIl  I:^  OF  VEGETABLE  OIL 

JOHN   R.   CLOPTON,   Ph.D. 

I  Research  Chemist 

Nonhcni  Regional  Research  Laboratory 
United  States  Department  of  Agriculture 
i     Peoria,  Illinois 

\  and 

HOWARD  0.  TRIEBOLD,  Ph.D. 

Professor  of  Biochemistry 

Pennsylvania  State   College 
State  College,  Pennsylvania 

As  the  result  of  investigations  carried  out  by  the  au- 
thors it  has  been  shown  that  the  seeds  of  the  fanweed 
plant  contain  a  high   grade  vegetable  oil.    This   oil   is 
of  such  quality  that  it  can  be  used  for  the  same  purpose 
as    the    major    vegetable    oils    produced    commercially, 
i.e.,    those   from    cottonseed,    flaxseed,    corn    germ,    soy- 
beans  and   peanuts.    In   addition,   it   is   known   to   have 
certain   unusual   properties    making   it   suitable   for   use 
in  the  preparation  of  special  lubricants  for  marine  en- 
gines, pneumatic  tools  and  other  machinery,  the  prepa- 
ration of  rubber  substitutes,  rubber  extenders   (factices) 
and  similar  compounds.    Its  drying  properties  make  it 
suitable  for  use  in  paints,  varnishes  and  lacquers,  and 
in  the  manufacture  of  linoleum,  oilcloth  and  other  wa- 
terproof materials.    The  purified  oil  is  a  suitable  salad 
oil    constituent   and    may    be   hydrogenated    for   use    in 
margarine  or  made  into  soaps,  greases,  etc. 

Fanweed  seed  oi^  is  an  ideal  substitute  for  rapeseed 
oil  which  the  United  States  formerly  imported  in  large 
quantities  from  Japan. 

Among  the  most  interesting  facts  revealed  by  this  in- 
vestigation is  that  fanweed  seeds  contain  an  unusually 
high  percentage  of ;  oil  (30  to  40  percent  by  weight) 
and  can  be  produced  readily  in  unlimited  quantities. 

Test  plantings  at  the  Montana  State  College  have 
shown  that  on  irrigated  land  1500  pounds  of  seed  (ap- 
proximately 36  bushels)  per  acre  may  be  obtained.  This 
would  mean  a  yield  of  about  500  pounds  of  oil  per 
acre  for  each  crop.  The  plant  matures  early  enough 
so  that  two  crops  a  season  are  easily  possible.  A  yield 
of  1000  pounds  of  oil  per  acre  would  far  exceed  that 
of  any  oil-producing  crop  except  possibly  the  peanut 
which  does  not  grow  in  the  same  areas  as  fanweed. 

Furthermore,  it  has  been  found  by  the  writers  that 
the  meal  obtained  by  grinding  and  extracting  fanweed 
seeds  with  oil  solvents,  such  as  petroleum  ether,  is  very 
rich  in  nitrogen  (H3  percent  protein  on  the  basis  of  the 
dry  extracted  meJ),  This  suggests  that  by  proper  treat- 
ment the  extracted  meal  could  be  used  as  a  feed  or  fer- 
tilizer. 

It  is  also  of  interest  to  find  that  the  fanweed  plant 
contains  fibers  comparable  to  those  of  the  flax  plant. 
Further  investigations  in  progress  may  show  that  these 
fibers  are  of  value  in  the  textile  industries  and  related 

fields.  , 

Description   6f  the  Plant   and   Its   Habits 

Fanweed,  along  with  rape  and  mustard,  is  a  member 
of  the  botanical  griup,  Cruciferae,  which  is  commonly 
known  as  the  mustard  family.  Botanically,  fanweed  is 
known  as  Thlaspi  arvense.  It  is  known  by  other  com- 
mon names,  such  as  Frenchweed,  field  penny  cress,  bas- 
tard cress,  Irish  mustard,  mithridate  mustard,  etc.  The 
name,  fanweed,  was  given  to  it  because  of  the  charac- 
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teristic,  fanlike  shape  of  the  seed  pods.  In  the  Canadian 
Provinces  it  is  generally  referred  to  as  stinkweed.  This 
is  because  of  the  rather  unpleasant  odor  produced  when 
the  plant  tissues  are  bruised.  In  the  Red  River  Valley 
and  adjoining  regions  of  Minnesota  and  North  and 
South  Dakota  it  is  commonly  called  Frenchweed,  while 
farther  west  fanweed  is  the  most  popular  name. 

Fanweed  grows  abundantly  in  most  of  the  northwest- 
ern and  North-central  United  States  and  is  common  in 
the  central  states  west  of  the  Mississippi  River.  It  also 
grows  extensively  in  Canada,  in  east-central  Russia  and 
to  a  limited  extent  in  most  of  the  European  countries. 
It  is  believed  to  have  been  introduced  into  this  country 

from  Europe.  ,  i       r  i  i 

Fanweed  is  an  erect  annual  which  under  tavorable 
conditions  of  growth  attains  a  height  of  from  one  to 
two  feet.  The  leaves  are  somewhat  oblong,  narrow 
shaped  and  toothed.  The  flowers  are  white,  have  four 
petals  and  are  only  about  one-fourth  inch  in  diameter. 
Each  flower  in  a  terminal  raceme  gives  place,  on  ripen- 
ing, to  flattened,  fan-shaped  pods  which  are  about  one- 
half  inch  in  diameter,  broadly  winged  and  have  a  deep 
notch  at  the  top.  The  pods  have  two  lobes,  each  of 
which  contains  four  to  eight  small,  oval-shaped  reddish 
brown  seeds.  The  seeds  average  1.5  mm.  in  width, 
2  mm.  in  length  and  1  mm.  in  thickness.  The  seed  cov- 
ering is  rather  hard  and  is  deeply  creased  with  concen- 

trie  ridses. 

In  areas  inhabited  by  fanweed  it  is  considered  a 
troublesome  weed.  When  eaten  by  dairy  animals,  a  gar- 
lic-like taste  is  imparted  to  the  milk,  cream  and  butter. 
This  is  due  to  the  presence  of  traces  of  oil  of  garlic 
(allyl  sulfide)  and  oil  of  mustard  (allyl  isothiocyanate) 
set  free  when  the  seeds  become  moist.  These  volatile 
principles  are  held  in  an  odorless  and  inactive  form 
(constituents  of  glycosides)  in  the  dry  seeds.  There  are 
enzymes  present  in  the  seeds  which  can  hydrolyze  the 
glycosides  and  free  the  volatile  oils,  but  this  can  occur 
only  when  the  seeds  become  wetted. 

The  fanweed  crop  would  require  a  minimum  of  care. 
It  can  be  sown  by  drill  in  shallow-cultivated  soil,  and 
harvested  with  the  usual  farm  equipment  required  for 
the  cereal  crops.  Though  the  best  yields  may  be  ob- 
tained from  irrigated  land,  the  plant  thrives  very  well 
on   semi-arid  and   arid   land. 

Fanweed  seeds  can  be  flaked  and  extracted  with  equip- 
ment commonly  used  on  other  oil-bearing  seeds  such 
as  the  soybean.  The  extracted  oil  has  a  greenish-yellow 
color,  similar  to  most  extracted  seed  fats  which  upon 
decolorization  by  the  usual  methods  leaves  a  pale  yel- 
low oil  resembling  other  refined  vegetable  oils  in  odor 

and  flavor. 

No  time-consuming  development  program  is  neces- 
sary to  bring  about  the  mass  production  of  fanweed 
seed  oil.  Quantities  of  seed  can  be  harvested  from  idle 
land  in  the  fanweed  areas  this  coming  season  if  only 
the  farmers  can  be  assured  of  a  market  for  this  crop. 

Nothing  of  importance  has  been  done  in  the  United 
States  to  develop  uses  for  products  of  the  fanweed 
plant.  A  review  of  the  literature  indicates  that  previous 
to  the  writers'  investigations  very  little  was  known  about 
the  oil  obtainable  from  fanweed  seeds.  A  few  years 
ago  the  Bureau  of  Plant  Industry  of  the  United  States 
Department  of  Agriculture  made  a  study  of  the  oil- 
content    of    several    weeds    commonly    found    in    grain 
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screenings.  It  was  reported  that  fanweed  seeds  contain 
33.7  percent  oil  by  weight  and  suggested  that  this  oil 
might  be  used  as  a  lubricant.  However,  there  were  no 
further  developments. 

Although  fanweed  is  just  as  old  botanically  as  the 
diff'erent  species  of  rape,  strangely  enough,  its  oil-pro- 
ducing possibilities  have  been  almost  completely  over- 
looked, while  varieties  of  rape  plants  have  been  culti- 
vated  as  an   oil-seed  crop  for  centuries. 

As  well  as  being  one  of  the  major  foods,  oils  and 
fats  play  a  particularly  dominant  role  as  an  industrial 
raw  material.  This  is  especially  true  in  time  of  war. 
In  view  of  our  present  shortage  of  fats  and  oils  it  is 
indeed  timely  that  other  potential  sources  of  these  ma- 
terials be  found.  It  seems  certain  that  the  fanweed  plant 
has  possibilities  of  becoming  one  of  the  major  oil-pro- 
ducing crops  in  the  United  States,  as  well  as  in  Canada. 

The  authors  have  made  the  first  complete  study  of 
composition  and  properties  of  fanweed  seed  oil.  A  re- 
port on  this  work  will  appear  soon  in  The  Chemurgic 
Digest.  This  will  be  followed  by  further  reports  on  the 
possible  industrial  uses  of  this  oil. 
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ALCOHOL  PRODUCTION  REPORT 

Production  of  190-proof  alcohol  in  the  first  four 
months  of  the  year  was  at  a  record  rate  of  192,200,000 
gallons,  as  compared  with  a  production  of  137,400,000 
gallons  during  the  first  four  months  of  1943,  members 
of  the  War  Production  Board's  Industrial  Alcohol  Pro- 
ducers Industry  Advisory  Committee  were  informed  in 
June,  WPB  reported. 

The  total  1944  alcohol  supply  is  now  estimated  at 
612,400,000  gallons  of  190-proof  alcohol,  against  an 
estimated  requirement  of  633,900,000  gallons,  accord- 
ing to  WPB's  Chemicals  Bureau. 

Dr.  Walter  G.  Whitman,  assistant  director  of  the  Che- 
micals Bureau,  informed  the  committee  that  prelimin- 
ary estimates  of  supply  and  requirements  for  1945  indi- 
cated requirements  would  be  634,000,000  gallons  against 
an  estimated  supply  of  639,800,000  gallons.  The  re- 
vised estimates  of  requirements  in  terms  of  millions  of 
gallons  of  190-proof  alcohol  are  as  follows: 

1942        1943        1944        1945 
Synthetic  rubber  \      126.0       365.0       365.0 

Direct  military  > 

and    Lend-Lease  71.2       102.0         78.6         89.0 

Indirect  military 

and   civilian                  128.0  147.9  160.3  160.0 

Anti-freeze                           30.0  50.8  30.0  20.0 

229.2  427.6  633.9  634.0 

Members  of  the  committee  were  informed  by  Chemi- 
cals Bureau  officials  that  the  alcohol-from-potato  pro- 
gram, which  was  established  to  provide  an  outlet  for 
surplus  potatoes  from  the  1943  crop,  was  about  com- 
pleted. They  said  that  300,000  gallons  of  alcohol  had 
been  distilled  from  3,200  tons  of  dehydrated  potatoes, 
which  had  been  obtained  from  19,200  tons  of  raw  po- 
tatoes. 
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Asked  to  advise  on  the  use  of  additional  quantities 
of  rye  in  their  production  (some  ilistilleries  have  been 
using  rye  flour  on  an  experimental  basis)  members  of 
the  committee  reported  that  additional  quantities  of  rye 
could  not  be  used  without  reducing  production.  The 
rye  flour,  they  said,  is  difficult  to  handle,  gums  up  their 
facilities  and  increases  manpower  costs. 

Members  of  the  committee  told  Government  officials 
that  they  felt  the  minimum  safe  stockpile  figure,  esti- 
mated earlier  at  100,000,000  gallons,  could  now  be  re- 
vised downward.  The  present  stockpile  is  86,100.000 
gallons. 

PUBLICATIONS   OF   CHEMURGIC   INTEREST 

"The  Improved  Castor-Bean  Sheller.  Description, 
Operation,  and  Adjustment  of  the  24-inch  Sheller  and 
Separator."  By  H.  A.  Arnold  and  M.  A.  Sharp.  Bulletin 
No.  187.  The  University  of  Tennessee,  Agricultural  Ex- 
periment Station,   Knoxville,  Tennessee,  January,   1944. 

This  bulletin  can  be  secured  by  writing  to  the  Uni- 
versity of  Tennessee  at  the  above  address. 


Sidt    view    of    improved    castorbean    sheller. 


FISH-OIL  VITAMINS  COMBINED 

Looking  for  high-vitamin  oils  to  supplement  supplies 
of  cod-liver  and  other  fish  oils  which  have  been  reduced 
by  wartime  conditions,  two  agricultural  experiment  sta- 
tions have  been  studying  extraction  of  fish  oils  from 
species  of  fish  not  commonly  used.  On  the  West  Coast, 
the  Oregon  agricultural  experiment  station  has  worked 
with  various  species.  On  the  Atlantic  Coast,  the  Florida 
agricultural  experiment  station  found  that  shark-^^iver 
oil  was  an  excellent  substitute  for  cod-liver  oil.  b.nce 
cod-liver  oil  is  high  in  vitamin  D  and  relatively  low  m 
vitamin  A,  while  in  shark-liver  oil  the  reverse  is  true, 
the  investigators  suggest  a  combination  of  the  two  oils. 
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ALCOHOL  FRO^  WASTE  SULPHITE  LIQUOR 

By  M.  M.  ROSTEN 
(Continued  from  last  issue) 


y 


Alcohol   Quality 

Average  quah'\  data  for  ethyl  alcohol  from  closed 
receiver  for  the  >?]'mths  of  October  and  November,  1943 
are  summarized        Table  IV: 

TABLE  IV 

Average  of  daily  tests 
Oct.   1943      Nov.    1943     Average 

Residual   acidity    0.0021%        0.0029%        0.0025% 


Permanganate 

time  '^6  min. 

Aldehydes,    parts 

per   100,000   ..  1.2      . 
Fusel   oil,   parts 

per    100,000....  7.6 
Esters,  parts 

per    100,000... 
Methyl    alcohol  .. 


28  min. 


1.4 


\ 


\ 


8.7 


32  min. 

1.3 

8.2 


Proof,    (Cana- 
dian)  

Residue  on 
evaporation     . 

*  Average  test 


0.36  0.55  0.46 

each  day  each  day  each  day 
less  than  less  than  less  than 
0.1%  0.1%  0.1% 

(0.1%   is  the  minimum   determinable 
quantity  by  regular  test) 

68.8   O.P.      68.7  O.P.      68.8  O.P. 

0.0016%*      0.0018%*      0.0017%* 
on  shipments  made,  not  daily  average. 


The  Company  is  under  instructions  to  produce  ethyl 
alcohol  up  to  United  States  Army  specifications  No.  1 
and  the  alcohol  complies  with  and  in  some  tests  sub-v 
stantially  exceeds  these  specifications.  The  quality  given 
in  Table  IV  must  not  be  regarded  in  any  sense  as  a 
limiting  quality.  As  in  the  case  of  any  other  indus- 
trially produced  alcohol,  the  quality  of  the  product  de- 
pends on  distillation  equipment  and  operation.  As  in 
the  case  of  any  other  industrially  produced  alcohol, 
granted  the  equipment  and  its  proper  operation,  alcohol 
can  be  produced  to  meet  any  given  industrial  specifi- 
cations. / 

The  residual  acidity  is  low  and  averages  only  one- 
quarter  of  the  maximum  permitted  by  specifications. 
The  permanganate  time  is  indicative  of  a  very  good 
grade  industrial  alcohol.  Occasional  individual  days 
have  tested  45  minutes.  Aldehydes  are  low  in  line  with 
the  pergamanate  time.  The  data  given  for  fusel  oil  are 
based  on  colorimetric  test  using  our  own  fusel  oil  as 
a  standard.  Esters  are  low.  Methyl  alcohol  is  always 
below  the  limit  of  determination.  Residue  on  evapora- 
tion averages  less  than  one-third  the  maximum  allow- 
able amount.  The  proof  strength  is  high  (68.8  O.P. 
corresponds  to  96.3  percent  EtOH  by  volume). 

One  question  on  quality  frequently  asked  is  how  much 
sulphur  the  alcoli  >l  contains.  This  question  arises  be- 
cause sulphite  liquor  is  the  raw  material  and  may  be 
an  honest  inquiry  or  a  blatant  canard  which  may  take 
the  form  of  dubbing  the  product  "sulphite  alcohol." 
From  the  standpoint  of  the  industry  it  must  be  answered 
without  the  slightest  evasion.  The  sulphur  content  of 
Thorold  alcohol  as  independently  analyzed  by  a  reput- 


able laboratory,  has  tested  between  1.4  and  2.1  parts 
per  million  total  sulphur.  These  analyses  are  on  the 
product  as  presently  manufactured  and  not  on  specially 
selected  samples.  Such  concentration  is  pretty  close  to 
the  limit  of  determination. 

It  would  be  interesting  to  note  that  Les  Usines  de 
Melle  azeotropic  method  of  distillation  of  waste  sul- 
phite liquor  beer  could  deliver  absolute  water-free  ethyl 
alcohol,  and  pure  methanol,  using  only  about  100 
pounds  of  steam  at  10  pounds  pressure  per  gallon  of 
alcohol.  Practically  no  power  is  required  for  distilling 
process.  Sulphur  dioxide  is  recovered  during  distilla- 
tion.   Alcohol   received  is  sulphur-free. 

Methyl  Alcohol  Fraction 
The  "methyl  alcohol  fraction"  includes  the  methyl 
alcohol  formed  in  the  digester,  which  comes  through 
the  system  admixed  with  heads  impurities  removed  dur- 
ing distillation.  The  methyl  alcohol  fraction  draw  is 
thus  really  a  concentrate  of  impurities  from  the  main 
product.  As  such,  its  regulation  is  a  principal  means 
of  operating  quality  control  of  the  ethyl  alcohol.  Be- 
cause of  its  small  quantity  (approximately  5  percent 
of  the  total  distillate),  and  since  it  is  a  distilled  con- 
centrate of  aldehydes,  etc.,  its  analysis  is  particularly 
sensitive  to  quality  changes,  and  is  watched  with  this 
in  view.  There  is  many-fold  the  quality  variation  in 
this  fraction  than  there  is  in  the  ethyl  alcohol.  Produc- 
tion policy  is,  of  course,  to  maintain  a  proper  quality 
of  ethyl  alcohol  and  let  the  methyl  alcohol  fraction  act 
as  a  shock  absorber. 

Average  daily  test  data  for  the  methyl  alcohol  frac- 
tion for  October  and  November,  1943  are  given  in 
Table  V. 

TABLE  V— METHYL  ALCOHOL  FRACTION 


\ 


Average  of  daily  tests 
Oct.    1943      Nov.  1943     Average 


0.13 


0.18 


Residual  acidity..    0.22 

Aldehydes,    parts 

per    100,000...   2000 

Methyl  alcohol    ..  83.9% 

Proof   (Cana- 
dian)       70.6  O.P.      69,5  O.P.      70.1  O.P. 


1850 
81.2% 


1925 
82.6% 


The  concentration  of  impurities,  for  example  of  al- 
dehydes of  the  order  of  1500  times,  of  residual  acidity 
100  times  that  in  the  ethyl  alcohol,  will  be  apparent. 

By  an  additional  distillation  process  (not  installed 
at  Thorold)  it  is  possible  to  obtain  pure  methyl  alcohol 
from  this  fraction,  if  desired. 

Fusel  Oil 

Fusel   oils   are   removed   from   the   rectifying   column 

and  amount  to  0.2  percent  of  the  total   distillate.    This 

product  is  also  under  allocation. 

Conversion  Cost 

In  Table  VI  the  conversion  costs  are  given  based  on 
the  Thorold  plant  quantities  and  American  prices  on 
one  gallon  of  alcohol  in  a  small  and  average  size  pulp 
mill.  Overhead  and  amortization  charges  are  not  in- 
cluded. In  a  large  pulp  mill  the  conversion  cost  could 
be  estimated  8  to  10  cents  per  gallon  of  alcohol. 


[Reprinted  from  Food  Research,  1944,  Vol.  9,  No.  5,  Pages  415-417] 

VITAMIN  CONTENT  OF  SOME  TROPICAL  FRUITS, 

THEIR  JUICES  AND  NECTARS 

VICTOR  L.  QUINONES,  N.  B.  GUERRANT,  and  R.  ADAMS  BUTCHER 
Department  of  Agricultural  and  Biological  Chemistry,  Fmnsylvania  State  College, 

State  College,  Pennsylvania 

(Received  for  publication,  February  2,  1944) 

The  present  report  deals  with  the  determination  of  carotene,  thiamin, 
riboflavin,  and  ascorbic  acid  in  certain  tropical  and  subtropical  fruits. 
These  studies  include  guavas,  papayas,  and  mangoes  obtained  from  the 
Florida  Subtropical  Experiment  Station.^  Lemons,  oranges,  and  grape- 
fruit were  purchased  on  the  local  market.  Canned  orange  juice,  grape- 
fruit juice,  vegetable  juice  cocktails,  tomato  juice,  and  apricot  nectar 
were  also  purchased  on  the  open  market.  Nectars  of  guava,  mango, 
tamarind,  banana,  quenepa,  papaya,  and  soursap  and  pineapple  juice 
were  prepared  by  the  Division  of  Investigation  and  Development  of  the 
Department  of  Agriculture  of  Puerto  Rico  or  by  Puerto  Rican  commercial 
concerns. 

EXPERIMENTAL  PROCEDURE 

Chemical  methods  were  employed  for  vitamin  assay.  Carotene  was 
determined  by  extraction  of  the  pigments  with  petroleum  ether  after  • 
saponification  with  10-per  cent  alcoholic  NaOH,  chromatographic  separa- 
tion of  pigments  in  the  petroleum  ether  extract  by  means  of  a  dicalcium 
phosphate  column,  and  measuring  the  carotene  against  pure  p  carotene  as 
a  reference  standard  in  a  Cenco-Sheard  spectrophotelometer. 

Thiamin  was  determined  by  the  thiochrome  method  of  Hennessy  and 
Cerecedo  (1939),  using  the  Pfaltz  and  Bauer  fluorometer.  f^o^^^r  Td 
also  measured  fluorometrically  according  to  ?\«^^]^^^/  .,^;;^^^^^ 
Straub  (1941).  Ascorbic  acid  was  estimated  by  direct  titrat^^n  w^ith 
2,6-dichlorobenzeneoneindophenol  as  originated  by  Tillmans  and  modified 
by  Bessev  and  King  (1933),  except  that  extraction  was  performed  in  a 
Waring  blender  with  trichloroacetic  and  metaphosphoric  acids 

A  summary  of  results^  obtained  on  four  tropical    ruits  -d  Pi^^^^^^^^^^ 
iuice  for  carotene,  thiamin,  riboflavin,  and  ascorbic  acid  is  given  (Table  1)  , 
Se  data  obtained  on  the  ascorbic  acid  content  of  nectars  and  juices  is 
shown  (Table  2). 

DISCUSSION 

Owing  to  war  conditions  it  was  impossible  to  study  ^^ri^ties,  stages  of 
ripenesretc.  as  originally  planned.   The  mangoes  were  all  of  the  Haden 

"^^wish  to  nckncledge  the  helpful  co-operation  of  Dr.  G.  D.  Euehle  who  furnished 
son,e  of  the  subtropical  fruits  used  in  these  studxes.^^^^^^^^  ^^^ 

•Since   the  above  data  were  subm.tt^d     or  pubh  a. on^J^^^  j,,,,riment  St.- 

fresh  fruit. 
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V.    L.    QUINONES,    N.    B.    GUERRANT,    AND   R.    A.    DUTCIIER 

TABLE    1 

Vitandn  Content  of  Some  Tropical  Fruits 


Fruits 


Papaya  No.  1. 
Papaya  No.  2. 
Papaya  No.  3. 
Papaya  No.  4. 
Papaya  No.  5. 


Guava  No.  1. 
Guava  No.  2. 
Guava  No.  3. 
Guava  No.  4. 


Condition 
of  fruit 


Orange  No.  1. 
Orange  No.  2. 
Orange  No.  3. 


Mango  No.  1. 
Mango  No.  2. 
Mango  No.  3. 


Pineapple  juice  No.  1. 
Pineapple  juice  No.  2. 


Fairly  ripe 
Fairly  ripe 
Fairly  ripe 
Eipe 
Somewhat  green 

Eipe  and  hard 
Overripe,  soft 
Kipe  and  hard 
Overripe,  soft 

Kipe 
Kipe 
Kipe 

Ripe 
Ripe 
Kipe 

From  cull  fruits 
From  cull  fruits 


Carotene 


mg./ 
100  gm. 


.903 
.790 
.990 
.713 


Thiamin 


mg./ 
100  gm. 


.042 
.042 
.045 
.039 


Riboflavin 


mg./ 
100  gm. 


.307 

.042 

.430 

.039 

.025 

.045 

.014 

.042 

.109 

.117 

.118 

.105 

.127 

.117 

.506 

.060 

.505 

.063 

.527 

.057 

.023 

.051 

.026 

.051 

.050 
.038 
.038 
.052 

.027 
.032 
.017 
.027 

.028 
.034 
.024 

.073 
.037 
.050 

.017 
.023 


Ascorbic 
acid 


mg./ 
100  gm. 

43 

29 

32 

63 

40 

246 
190 
296 
196 

35 
40 
44 

17 
15 
17 

21 
21 


TABLE  2 

Ascorbic  Add  Content  of  Various  Necta/rs  and  Juices  as  Determined 

hy  Dye-Titration  Method 


Sample  of  material 


Pineapple  juice. 


Description 


Papaya  nectar 

Guava  nectar 

Tamarind  nectar 

Mango  nectar 

Banana  nectar 

Soursap  nectar 

Quenepa  nectar 

Grapefruit  juice 

Orange  juice .• 

Tomato  juice 

Vegetable  juice  cocktail  No.  1. 
Vegetable  juice  cocktail  No.  2. 
Apricot  nectar 


Canned  from  cull  pineapples 

in  Puerto  Rico  (1941) 
Canned  (Puerto  Rico,  1941) 
Canned  (Puerto  Rico,  1941) 
Canned  (Puerto  Rico,  1941) 
Canned  (Puerto  Rico,  1941) 
Canned  (Puerto  Rico,  1941) 
Canned  (Puerto  Rico,  1941) 
Canned  (Puerto  Rico,  1941) 
Canned  (local  market) 
Canned  (local  market) 
Canned  (local  market) 
Canned  (local  market) 
Canned  (local  market) 
Canned  (local  market) 
Fresh  (local  fruit  market) 


Ascorbic 

acid 

(vitamin 

C) 


Lemon  juice 

Orange  juice Fresh  (local  fruit  market) 

rJrnr>Afriiit  iiiir»e I      Fresh  (local  fruit  market) 


Grapefruit  juice. 


m,g./ 
100  ml. 


22 
16 
51 

5 
20 

3 
11 

2 
44 
40 
22 

7 
10 

3 
36 
53 
39 


VITAMIN    CONTENT   OF   SOME  TROPICAL   FRUITS 

variety  and  were  at  practically  the  same  stage  of  ripeness.  Consequently, 
no  marked  differences  are  noted  in  vitamin  content.  The  pineapple  juices 
were  known  to  be  made  from  culls  which  had  ripened  in  the  Puerto  Rican 
warehouse  and  are  probably  not  comparable  with  high-grade  pineapple 
juice. 

The  carotene  content  of  papayas  tends  to  increase  with  ripening.  There 
was  no  uniformity  in  the  carotene  content  of  guavas,  of  which  there  were 
two  varieties,  and  regarding  which  no  information  was  available.  One 
variety  of  guava  is  represented  by  Samples  1  and  2  and  the  other  by 
Samples  3  and  4  (Table  1).  Apparently,  the  ascorbic  acid  content  of 
guavas  tends  to  decrease  as  they  become  overripe.  It  would  appear  that 
this  fruit  is  an  excellent  source  of  ascorbic  acid,  being  superior  to  oranges 
in  this  respect. 

SUMMARY 

The  carotene,  thiamin,  riboflavin,  and  ascorbic  acid  content  of  papayas, 
guavas,  mangoes,  oranges,  and  commercially  canned  pineapple  juice  have 
been  determined  by  chemical  methods.  The  ascorbic  acid  content  of  a 
number  of  fruit  juices  and  fruit  nectars  have  also  been  studied.  The 
limited  data  seem  to  indicate  that  papayas  are  an  excellent  source  of 
carotene  and  a  good  source  of  ascorbic  acid  but  are  less  rich  in  thiamin 
and  riboflavin  than  the  other  fruits. 

Guavas  are  excellent  sources  of  ascorbic  acid  while  carotene  seems  to 
be  the  principal  factor  contributed  by  the  mango.  Guava  nectar  compares 
very  favorably  with  orange  juice  and  lemon  juice  as  a  source  of  ascorbic 
acid. 
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Physical  Constants  of  Methyl  Esters  of  C 

Fatty  Acids 

VAPOR  PRESSURE 

PAUL  M.  ALTHOUSE  and  HOWARD  O.  TRIEB( 
Department  of  Asricultural  and  Biolosical  Chemistry,  The  Pennsylvania  State 


Methyl  esters  of  caproic,  caprylic,  capric,  lauric,  myristic,  palmitic, 
stearic,  oleic,  and  linolic  acids  were  obtained  in  a  pure  state  by  re- 
peated fractional  distillation.  Vapor  pressure  curves  and  decom- 
position pressures  and  temperatures  have  been  determined  for  each 
of  the  methyl  esters  by  the  method  described  by  Ramsay  and  Youns- 
With  the  exception  of  the  C,s  series,  it  has  been  shown  that  an  ester 
fraction  can  be  identified  and  its  purity  ascertained  by  means  of  its 
vapor  pressure  curve.  With  the  aid  of  the  decomposition  data, 
it  is  possible  to  eliminate  excess  decomposition  by  controllms  the 
pressure  and  hence  the  boilins  temperature  of  fractional  distillation. 


FRACTIONAL  distillation  is  recognized  as  an  excellent 
method  for  separating  and  purifying  the  methyl  esters  of 
the  naturally  occurring  fatty  acids.  The  fractions  obtamed  from 
such  a  distill? 
fractions,  r 
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Physical  Constants  of  Methyl  Esters  of  Commonly  Occurrins 

Fatty  Acids 

VAPOR  PRESSURE 

PAUL  M.  ALTHOUSE  and  HOWARD  O.  TRIEBOLD 
Department  of  Agricultural  and  Biolosical  Chemistry,  The  Pennsylvania  State  College,  State  College,  Pa. 


Methyl  esters  of  caprolc,  caprylic,  capric,  laurlc,  myristic,  palmitic, 
stearic,  oleic,  and  llnollc  adds  were  obtained  in  a  pure  state  by  re- 
peated fractional  distillation.  Vapor  pressure  curves  and  decom- 
position pressures  and  temperatures  have  been  determined  for  each 
of  the  methyl  esters  by  the  method  described  by  Ramsay  and  Young. 
With  the  exception  of  the  C,8  series.  It  has  been  shown  that  an  ester 
fraction  can  be  identified  and  its  purity  ascertained  by  means  of  its 
vapor  pressure  curve.  With  the  aid  of  the  decomposition  data, 
it  Is  possible  to  eliminate  excess  decomposition  by  controlling  the 
pressure  and  hence  the  boiling  temperature  of  fractional  distillation. 


FRACTIONAL  distillation  is  recognized  as  an  excellent 
method  for  separating  and  purifying  the  methyl  esters  of 
the  naturally  occurring  fatty  acids.  The  fractions  obtained  from 
such  a  distillation  may  be  divided  into  two  classes:  the  pure  ester 
fractions,  and  the  mixed  fractions  containing  two  or  more  esters. 
Two  types  of  analyses  are  possible  for  the  identification  of 
such  fractions.  The  best  and  most  commonly  used  are  chemical 
analyses  which  involve  the  determination  of  such  values  as  the 
iodine  number,  neutral  equivalent,  and  thiocyanogen  number. 
These  procedures  are  difficult  and  time-consuming,  and  are  im- 
practical when  the  fractions  are  very  small.  Accordingly,  it 
seemed  advisable  to  investigate  the  second  possibility,  that  of 
substituting  physical  measurements  for  the  usual  chemical 
methods.  Consequently,  the  problem  resolved  itself  mto  a 
search  for  suitable  physical  constants  which  would  yield  mfor- 
mation  as  to  the  purity  and  quantity  of  any  ester  m  a  given 

1  fraction.  •        i.-     x  j 

Vapor  pressure  was  the  first  physical  constant  investigated. 

By  means  of  this  determination  the  purity  of  a  substance  may  be 

ascertained  in  a  very  short  time  and  with  a  considerable  degree  of 

laceuracy.     By  choosing  a  dynamic  method,  it  is  also  possible  to 


find  the  boiling  point  of  the  substance  in  question  at  any  given 
pressure.  This  last  fact  in  itself  is  of  great  importance  in  the 
separation  and  purification  of  materials  by  fractional  distillation. 
It  is  also  possible  to  learn  from  a  vapor  pressure  determination 
the  temperature  and  pressure  at  which  decomposition  occurs. 
This  information  can  be  utilized  to  great  advantage  in  the  frac- 
tional distillation  of  organic  compounds. 

PREPARATION  OF  THE  METHYL  ESTERS 
The  methyl  esters  of  caproic,  capryhc,  capric.  lauric,  nayristic, 
pahnitic,  stearic,  and  oleic  acids  were  prepared  and  purified  by 
repeated  fractional  distillation  through  a  16-plate,  electncally 
heated  fractionating  column,  of  the  type  described  by  Whitmore 
and  Lux  (2),  fitted  with  a  total  reflux,  partial  take-off  distiUing 
head  The  purity  of  each  ester  was  determined  by  the  usual 
chemical  analyses,  consisting  of  neutral  equivalent,  iodine  num- 
ber and  thiocyanogen  number.  The  methyl  ester  of  Imolic  acid 
was  purified  first,  by  repeated  crystallization  of  the  tetrabromo 
derivative,  and  then,  after  regeneration,  by  repeated  fractional 
distillations.  These  pure  esters  were  used  for  the  entire  study  ot 
the  physical  constants. 

DETERMINATION  OF  VAPOR  PRESSURE 
The  vapor  pressure  curve  for  each  methyl  ester  was  deter- 
mined by  the  dynamic  method  described  by  Ramsay  and  Young 
(/);  which  was  found  to  give  very  accurate  results  for  aU  esters, 
including  those  which  are  normaUy  solid  at  room  temperature. 
This  method  was  chosen  because  it  requires  a  very  small  amount 
of  material  (approximately  1  ml.)  which  can  be  recovered  pro- 
viding no  decomposilion  takes  place  during  the  determination. 

In  Figures  1  and  2  are  shown  the  vapor  pressure  curves  for  the 
pure  methyl  esters  of  the  more  commonly  occurring  fatty  acids. 
The  straight-line  curves,  drawn  on  semilog  paper,  were  obtained 
by  plotting  the  reciprocal  of  the  absolute  temperature  X  1000 
against  the  log  of  the  pressure  in  millimeters  of  mercury.  The 
curves,  thus  constructed,  were  extrapolated  to  760-mm.  pressure, 
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since  in  the  majority  of  the  cases  decompo- 
sition occurs  far  below  that  pressure.  Table 
I  gives  the  approximate  decomposition  pres- 
sures and  temperatures  for  each  of  the 
methyl  esters  studied.  Table  II  shows  the 
boiling  points  for  each  of  the  esters  at  several 
different  pressures. 

CONCLUSIONS 

From  the  data  collected,  several  significant 
conclusions  may  be  drawn. 

With    the   exception    of    the    Cig    series, 
whose  vapor  pressure  curves   as  shown   by 
Figure  2  are  practically  identical,  it  is  possible 
to  identify  a  pure  ester  fraction  by  means  of 
its  vapor  pressure  curve.     With  the  above 
information  available,  it  is  an  easy  matter 
to  find  the  boiling  point  of  an  unknown  ester 
at  several  different  pressures,  and  then  by 
superimposing  the  curve  thus  constructed  on 
one  of  the  above  standard  curves,  to  identify 
the  ester.    Such  identifications  can  be  ac- 
complished in  a  very  short  time  and  with^a 
considerable  degree  of  accuracy.    The  purity 
o£   a   known   eater    may    be    determined   in 
the  same  way.     The  ester  is  pure  if  the  con- 
structed curve  can  be  superimposed  on  the 
standard  vapor  pressure  curve  of  the  ester 
in    question.      Any    slight    deviation    from 
purity  will  be  recognized  immediately,  in- 
asmuch as  the  two  curves  will  not  coincide. 


Table   I.     Decomposition   Pressures  and   Temperatures   of   Methyl 

Esters  of  Fatty  Acids 


Ester 

Methyl  caproate 
Methyl  caprylate 
Methyl  caprate 
Methyl  laurate 
Methyl  myrietate 
Methyl  palmitate 
Methyl  stearate 
Methyl  oleate 
Methyl  Unolate 


Pressure, 
Mm.   Hg 

>760 

>76D 

>760 

160 

60 

25 

18 

16 

11 


Temperature, 
*C. 

>150 
>193 
>224 

204 

205 

151 

221 

217 

208 


Table  II.     Boiling   Points 


Ester 


Methyl  caproate 
Methyl  caprylate 
Methyl  caprate 
Methyl  laurate 
Methyl  myristate 
Methyl  palmitate 
Methyl  stearate 
Methyl  oleate 
Methyl  linolate 

*  Decomposes. 


s 

•c. 

15 

45 

77 
100 
127 
148 
166 
166. 
166. 


of  Methyl   Esters  at  Various  Pressures 

Pressure  in  Millimeters  of  Hg 
4  6  8  10  20         40 

<»  C.       *»  C.       °  C.        °  C.       ""  C.     ""  C. 


26 

58 

89 
113 
141 
162 
181 
182 
182.4 


33 
65 
97 
121 
150 
172 
191 
192 
193 


38 

71 
103 
128 
157 
177 
199 
199.5 
199.9 


42 

76 
108 
134 
162 
184 
204 
205.3 
206 


65 
89 

123 

149 

177 

202 
a 


70 
106 
139 
166 

197 

a 


It  is  possible  to  adjust  the  pressure  and  hence  the  boiling  tem- 
perature of  a  fractional  distillation  to  optimum  or  nearly  opti- 
mum conditions  by  making  use  of  the  recorded  decomposition 
pressures  and  temperatures.  The  authors  believe  that  during  a 
fractional  distillation  there  is  a  tendency  toward  unnecessary 
superheating  of  the  material  to  be  distilled.  This  tendency  can 
be  eliminated  through  the  use  of  decomposition  data  on  the  vari- 
ous esters. 
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Relation  of  Chemical  Constitution  of  Some  N-Heterocyclic 

Compounds  to  Toxicity  as  Fumigants^ 

H.  L.  King  and  D.  E.  H.  Frear,^  AgriciUtural  Experiment  Station,  Pennsylvania  State  College, 

State  College,  Pa. 


The  possibility  of  using  certain  pyridine 
derivatives  as  fumigants  was  suggested  to 
the  authors  by  the  work  of  Jewson  & 
Tattersfield  (1922),  who  used  pyridine  as 
a  fumigant  for  certain  mites  in  fungus 
cultures.  With  this  work  in  mind,  pyridine 
and  12  of  its  derivatives  were  tested  as 
fumigants  against  the  common  red  spider, 
Tetranychus  telarius  (L.).  These  prelimi- 
nary tests  indicated  definite  relationships 
between  chemical  structure  and  toxicity. 
A  more  extensive  experiment  using  the 
confused  flour  beetle,  Tribolium  confusum 
Duv.,  as  a  test  insect  was  then  planned. 
During  the  time  required  for  the  develop- 
ment of  a  culture  of  flour  beetles,  28  com- 
pounds were  tested  as  fumigants  against 
the  large  milkweed  bug,  Oncopeltus  fasci- 
atus  (DalL),  quantities  of  which  were 
readily  available.  These  tests  were  dis- 
continued as  soon  as  the  flour  beetles  were 
ready  to  use.  The  results  reported  in 
this  paper  include  the  preliminary  tests 
against  red-spiders  and  milkweed  bugs 
as  well  as  the  final  tests  against  flour 
beetles. 

The  pyridine  derivatives  tested  were 
furnished  by  the  Reilly  Tar  and  Chemical 
Corporation  and  have  been  discussed  in 
detail  in  an  earlier  paper  (King  &  Frear, 
1943).  All  the  materials  tested  are  listed 
in  table  2. 

Procedures. — Greenhouse  red  spiders 
— ^Two  6-inch  provision  jars  were  used  for 
each  fumigation  chamber,  one  jar  being 
inverted  over  the  other  and  the  two  sealed 
together  with  cellulose  tape.  The  total 
volume  of  such  a  chamber  was  4800  ml. 
Potted  string  bean  plants  infested  with 
mites  were  placed  in  the  chambers,  the 
required  amount  of  fumigant  introduced 
and  the  chamber  sealed  for  five  hours.  At 
the  end  of  this  interval  the  chambers  were 

»  Authorized  for  publication  on  April  '^,  1944  as  Paper  No. 
1228  in  the  Journal  Series  of  the  Pennsylvania  Agricultural 
Experiment  Station.  ^   .     •     t 

»  Former  Reilly  Research  Fellow  and  Professor  of  Agricul- 
tural and  Biological  Chemigtry,  respectively  This  work  was 
partially  supported  by  a  grant  from  the  Reilly  Tar  and  Chemical 
Corporation,  of  Indianapolis,  Indiana,  and  was  carried  out  in 
the  Department  of  Agricultural  and  Biological  Chemistry  in 
cooperation  with  the  Department  of  Zoology  and  Lntomology, 
and  at  the  suggestion  and  with  the  cooperation  of  the  Heseurch 
Division  of  the  Reilly  Tar  and  Cheniical  Corporation . 


opened  and  the  plants  were  exposed  to 
fresh  air  for  24  hours  before  making 
counts.  After  some  preliminary  trials  a 
concentration  of  3.0  milligrams  of  toxi- 
cant per  liter  of  space  was  chosen.  The 
temperature  was  maintained  at  25°  C. 
and  duplicate  tests  were  made  of  all  ma- 
terials. The  average  infestation  was  85 
mites  per  plant. 

Milkweed  bugs. — Four-liter  erlenmeyer 
flasks  (actual  capacity  4500  ml.)  with 
paraffined  rubber  stoppers  were  used 
as  fumigation  chambers.  The  required 
amount  of  fumigant,  measured  with  a 
pipette  and  absorbed  on  a  small  piece  of 
cellucotton  was  dropped  into  the  flask.  The 
flask  was  stoppered  for  an  hour  to  allow 
the  fumigant  to  volatilize.  Twenty  milk- 
weed bugs  (10  of  each  sex)  were  then 
introduced  into  the  chamber  and  exposed 
to  the  fumigant  for  five  hours.  During  the 
series  of  fumigations  the  temperature 
ranged  from  27°  to  30°  C.  After  exposure 
the  bugs  were  removed  to  a  clean  recovery 
cage  containing  fresh  food  and  water. 
Mortality  records  were  taken  after  48 
hours.  Since  the  numerous  controls  showed 
no  mortality  the  per  cent  kill  in  the  test 
groups  was  reported  directly  as  such. 

Each  material  was  tested  first  at  a  con- 
centration of  2.0  milligrams  per  liter. 
Materials  giving  a  high  kill  at  this  con- 
centration were  retested  at  lower  con- 
centrations, while  the  less  effective  com- 
pounds were  retested  at  higher  levels. 
Each  compound  was  tested  only  once  at 
any  one  concentration.  For  24  of  the 
materials,  the  results  were  such  that  they 
gave  reasonably  straight  lines  when 
plotted  on  logarithmic-probability  paper. 
Median  lethal  concentrations  were  esti- 
mated for  these  compounds. 

Flour  beetles. — ^The  technique  was  simi- 
lar to  that  described  above  for  the  fumi- 
gation of  milkweed  bugs.  The  flour  beetles 
were  confined  in  small  cylindrical  cages  of 
fine  wire  screen.  During  the  five-hour  ex- 
posure period  these  cages  were  suspended 
from  the  rubber  stoppers  of  the  chambers. 
The  beetles  were  placed  in  clean  whole 
wheat  flour  for  the  recovery  period  and 
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mortality  counts  were  made  one  week 
after  exposure.  Fifty  beetles,  selected  at 
random,  were  used  for  each  test.  Each 
material  was  tested  at  a  concentration  of 
5.0  milligrams  per  liter  and  then  at 
higher  or  lower  levels,  as  indicated  by  the 
results  of  the  first  test.  An  attempt  was 


\        0  12  3  4  5  6 

NUMBER  OF  CARBON  ATOMS  I  N  SIDE  CHAIN 

Fig.  1.  (1)  Effect  of  length  of  side  chain  on  toxicity 
of  2-n-alkyl-pyridine  funrigants  to  greenhouse  red 
spider.  Concentration  3.0  mg./l.  (2) — ^EflFect  of 
length  of  side  chain  on  toxicity  of  2-n-alkyl-pyridme 
fumigants  to  milkweed  bugs.  Concentration  2.0 
mg./l.  (3) — Effect  of  length  of  side  chain  on  toxicity 
of  2-n-alkyl-pyridine  fumigants  to  flour  beetles.  Con- 
centration 10  mg./l. 

made  to  cover  the  range  of  toxicity  for 
each  material.  In  many  cases  several 
replications  were  made  at  critical  concen- 
trations. The  number  of  concentrations  at 
which  each  material  was  tested  and  the 
number  of  beetles  counted  are  listed  in 
table  2.  Of  the  42  materials  tested,  me- 
dian lethal  concentrations  were  estimated 
for  30.  At  the  temperatures  which  ob- 
tained during  these  tests,  i,e,  24**-30**  C, 
the  remaining  12  materials  were  not  toxic, 
at  the  saturation  point. 

Discussion  of  Results. — ^In  this  as 
well  as  in  earlier  papers  (1944,  1944a) 
emphasis  was  placed  on  a  study  of  the 
relationships  between  length  and  position 
of  the  side  chains  and  toxicity  to  various 
organisms.  Figure  1  (1)  illustrates  the 
effect  of  the  length  of  the  side  chain  on 
the  toxicity  of  2-n-alkyl-pyridine  fumi- 
gants to  red  spider  and  shows  the  peak  of 
toxicity  that  occurs  at  the  butyl  and  amyl 
derivatives.  At  the  time  these  tests  were 
made  the  complete  series  of  4-alkyl-pyri- 
dines  was  not  available.  4-n-amyl-pyTi- 
dine  and  4-n-propyl-pyridine  were  avail- 
able, however,  and  tests  of  these  two 
compounds  indicated  that  they  were  more 


toxic  than  the  corresponding  2-alkyl  de- 
rivatives. Tests  of  a  partial  series  of  2-n- 
alkyl — 6-methyl-pyridines  indicated  that 
the  toxicity  of  this  series  was  less  than 
that  of  either  the  2-  or  4-monosubstituted 
series. 

Figure  1  (2)  illustrates  the  elBFect  of 
length  of  side  chain  on  the  toxicity  of 
2-n-alkyl-pyridine  fumigants  to  milkweed 
bugs.  It  will  be  observed  that  a  peak  of 
toxicity  occurs  at  the  propyl  and  butyl 
derivatives  and  that  pyridine,  the  first 
member  of  the  series,  is  also  relatively 
toxic.  The  relative  toxicity  of  pyridine  in 
this  experiment  was  much  greater  than  in 
the  tests  using  red  spiders,  as  will  be 
noted  by  comparison  of  curves  1  and  2. 

Median  lethal  concentrations  were 
established  for  27  of  the  materials  tested 
against  milkweed  bugs.  Compounds  which 
were  found  to  have  a  median  lethal  con- 
centration less  than  0.5  mg./l.  were,  in 
order  of  decreasing  toxicity:  4-n-amyl- 
piperidine,  2-n-hexyl-piperidine,  quino- 
line  and  4-n-amyl-pyridine.  Compounds 
with  median  lethal  concentrations  from 
0.5  to  1.9  mg./l.  were  4-n-butyl-pyridine, 
2-n-butyl-pyridine,  4-n-propyl-pyridine, 
2-n-propyl-pyridine,  4-isopropyl-pyridine, 
4-ethyl-pyridine,  pyridine,  2-n-amyl-pyri- 
dine  and  2-butyl-6-methyl-pyridine.  Com- 
pbimds  with  median  lethal  concentrations 
between  2.0  mg.  and  3.0  mg./l  were  2- 
amyl,  6-methyl-pyridine,  4-mixed-hexyl- 
pyridines;  2,5-dimethyl-pyridine  and  2,4- 
dimethyl-pyridine.  Compounds  with  me- 
dian lethal  concentrations  ranging  from 
3.0  mg./l  to  4.0  mg./l  were  2-isopropyl- 
py ridine ;  2-n-hexyl-pyridine ;  2-ethyl-6- 
methyl-pyridine ;  3-methyl-pyridine ;  2- 
ethyl-pyridine;  2,6-dimethyl-pyridine;  2- 
mixed-hexyl-pyridines,  2-hexyl-6-methyl 
pyridine  and  2-n-heptyl-pyridine.  Com- 
pounds with  median  lethal  concentrations 
between  4.0  and  10.0  mg./l.  were  /3,/3'- 
dichloroethyl  ether;  carbon  disulfide; 
methyl  acetate;  2-ethanol-pyTidine  and 
2-n-octyl-pyridine.  Compounds  with  me- 
dian lethal  concentrations  above  10.0 
mg./l  were  2-methyl-pyridine;  2-(3-octyl)- 
py ridine ;  2-  (2-me-octy  1)  -pyridine ;  2-  (6- 
undecyl)  -pyridine ;  2-mixed-undecy  1-py r i- 
dines;  4-n-hexyl-pyridine;  ethylene  di- 
chloride  and  carbon  tetrachloride. 

In  these  tests  it  was  again  observed 
that  the  4-substituted  alkyl  pyridines 
were  more  toxic  than  the  2-substituted 
compounds    and    that  the  disubstituted 
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compounds  were  less  toxic  than  the  cor- 
responding monosubstituted  compounds. 
It  was  also  observed  that  the  two  piperi- 
dines  tested  were  more  toxic  than  the 
corresponding  pyridines. 


alkyl-pyridines,  it  is  seen  that  the  peak  of 
toxicity  in  this  series  occurred  at  the  pro- 
pyl derivative,  as  in  the  2-n-alkyl-series. 
It  is  also  seen  that  the  members  of  the  4- 
substituted  series  were  more  toxic  than 


Table    1. — Concentrations   of   fumigants   re-  Table    2. — Effects    of    some    N-heterocyclic 

quired  to  kill  50  per  cent  and  90  per  cent  of  flour      compounds  as  fumigants  against  the  confused 
beetles.  flour  beetle. 


Compound 


Concentration 
(in  mg./l)  Re- 
quired TO  Kill 


507c 

90% 

Pyridine 

7.15 

8.35 

2  methyl-pyridine 

10.14 

13.00 

2  ethyl-pyridine 

11.32 

14.26 

2-n-propyl-pyridine 

4.81 

5.83 

2-n-butyl-pyridine 

6.40 

-       8.73 

2-n-amyl-pyridine 

10.81 

1836.1 

2-n-hexyl-pyridine 

966.01 

15310.1 

*  Values  above  saturation  point. 

Figure  1  (3)  shows  the  eflFect  of  the 
length  of  the  side  chain  on  the  toxicity  of 
the  2-n-alkyl-pyridine  fumigants  to  flour 
beetles.  As  in  the  milkweed  bug  tests,  a 
peak  of  toxicity  occurred  at  the  propyl 
and  butyl  derivatives  and  pyridine  itself 
was  relatively  toxic. 

For  a  more  critical  study,  the  data  ob- 
tained in  the  tests  of  the  2-n-alkyl-pyri- 
dines  against  flour  beetles  were  plotted  and 
analyzed  according  to  the  method  of  Bliss 
(1935).  The  equation  of  the  regression  line 
for  each  compound  was  computed  and 
from  the  regression  equation  the  concen- 
trations required  to  kill  50  per  cent  and  90 
per  cent  of  the  beetles  were  calculated. 
These  concentrations  are  listed  in  table 
1,  from  which  it  may  be  seen  that  2-n-pro- 
pyl-pyridine was  the  most  toxic  member 
of  the  series. 

The  final  results  of  the  complete  series 
.  of  flour  beetle  tests  are  given  in  table  2. 
-Median  lethal  concentrations  were  esti- 
mated for  all  compounds  tested,  except 
the  alkyl  derivatives  with  6  or  more  car- 
bon atoms  in  the  side  chains.  These  com- 
pounds were  not  toxic  at  the  saturation 
point.   Four  compounds:  2-n-amyl-pyri- 
dine;  4-w-butyl-pyridine,    4-n-amyl-pyri- 
dine  and  4-n-amyl-piperidine,  gave  erratic 
results  which  were  interpreted  as  indicat- 
ing some  degree  of  protective  stupefac- 
tion. .      ,  1.  J- 
From  the  values  obtained  for  median 

lethal  concentrations  in  the  series  of  4-n- 


Compound  Tested 

Concen- 
trations 
Tested 

Beetles 
Counted 

Median 
Lethal 
Concen- 
tration 
mo/l 

Pyridine 

2-methyl-pyridine 

2-ethyl-pyridine 

2-n-propyI-pyridine 

S-isopropyl-pyridine 

2-n-butyl-pyridine 

2-n-amyl-pyridine 

2-n-hexvl-pyridine 

2-mixea-hexyl-pyridine 

2-n-heptyl-pyridine 

2-n-octyl-pyridine 

2- (3-octyl) -pyridine 

2- (2-me-octyl) -pyridine 

2-(6-undecyl) -pyridine 

2-mixed-undecyl-pyridine 

3-methyl-pyridine 

4-ethyl-pyridine 

4-n-propyl-pyridine 

4-isopropyl-pyridine 

4-n-butyl-pyridine 

4-n-amyl-pyridine 

4- (3-penty  1) -pyrid  i  ne 

4-n-hexvl-pyridine 

4-mixea-hexyl-pyridine 

2-methyl-4-metnyl-pyridine 

2-methyl-5-methyl-pyridine 

2-methyl-6-methyl-pyridine 

2-ethyl-6-methyl-pyridine 

2-butyl-6-methyl-pyridine 

2-amyl-6-methyl-pyridine 

2-hexyl -6-methyl-pyridine 

2-ethanol-pyridine 

2-n-hexyl-piperidine 

4-n-amyl-piperidine 

Quinoline 

Carbon  disulfide 

Methyl  acetate 

Ethyl  acetate 

^.^'-Dichloroethj^l  ether 

Ethylene  dichloride 

Carbon  tetrachloride 


8 

800 

7.« 

8 

1000 

10.1 

11 

800 

11.3 

10 

800 

4.8 

5 

400 

14.5 

7 

800 

6.4 

9 

1200 

10. 8» 

5 

500 

— 1 

6 

450 

— 1 

5 

350 

— 1 

ff 

350 

— 1 

5 

350 

— I 

5 

300 

— 1 

5 

350 

— 1 

5 

300 

— I 

5 

650 

5.4 

6 

1200 

7.2 

10 

1150 

3.5 

9 

850 

3.8 

10 

1200 

4.4» 

14 

1200 

8.0* 

4 

350 

29.0 

6 

350 

I 

ft 

350 

1 

7 

750 

9.0 

6 

600 

6.6 

10 

750 

6.5 

0 

1100 

9.0 

6 

450 

4.5 

350 

— I 

350 

.   1 

750 

35.0 

11 

1000 

11.0 

10 

1500 

7.6> 

450 

60.0 

250 

55.0 

250 

82.0 

250 

90.0 

250 

1.3 

250 

19.0 

400 

66.0 

^  Not  toxic  at  saturation  point. 
'  Erratic  results.  See  text. 


the  corresponding  2-substituted  isomers. 
In  the  incomplete  series  of  2-n-alkyl,6- 
methyl-pyridines,  the  butyl  compound  was 
the  most  toxic,  but  since  the  propyl  deriv- 
ative was  not  available,  the  exact  location 
of  the  peak  was  not  determined. 

The  effect  of  hydrogenation  was  again 
illustrated  by  comparisons  of  the  two 
piper idines  with  the  corresponding  pyri- 
dines. The  median  lethal  concentration  of 
2-n-hexyl-piperidine  was  found  to  be  11.0 
milligrams  per  liter,  but  2-n-hexyl-pyri- 
dine was  not  toxic  at  the  saturation  point. 
A  similar  effect  was  not  observed  in  a  com- 
parison of  4-n-amyl-piperidine  and  4-n- 
amyl-pyridine. 
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The  group  of  non-heterocyclic  com- 
pounds listed  at  the  end  of  table  2  was  in- 
cluded for  two  reasons.  First,  it  was  de- 
sired to  compare  the  alkyl  pyridines  with 
some  standard  fumigants  such  as  carbon 
disulfide,  ethylene  dichloride  and  dichloro- 
ethyl  ether.  A  comparison  of  the  median 
lethal  concentrations  listed  in  table  2  for 
these  compounds  with  those  obtained  for 
the  A^-heterocyclic  compounds  shows  that 
dichloroethyl  ether  was  more  effective 
than  any  of  the  iV-heterocyclic  compounds 
but  that  none  of  the  other  standard  fumi- 
gants tested  was  as  toxic  as  the  better 
heterocylcic  compounds. 

Second,  it  was  desired  to  determine  me- 
dian lethal  concentrations  for  a  few  com- 
pounds which  had  been  tested  by  other 
workers,  as  a  check  on  the  resistance  of  the 
flour  beetle  culture  used  and  on  the  tech- 
nique employed.  The  compounds  chosen 
were  selected  from  a  list  of  materials  dis- 
cussed by  Shepard  et  al  (1937)  in  reporting 
an  experiment  in  which  the  technique  was 
similar  to  that  used  in  the  work  reported 
here.  The  above  authors  obtained  as  me- 
dian lethal  concentrations  the  following 
values:     carbon     disulfide,     61     mg./l.; 
methyl  acetate,  82  mg./l.;  ethyl  acetate 
83    mg./l;    iS,iS '-dichloroethyl    ether    1.8 
mg./l.;  ethylene  dichloride,  37.5  mg./l.; 
carbon  tetrachloride  185  mg./l.  compari- 
son of  these  values  with  those  given  in  ta- 
ble 2  shows  that  the  results  obtained  in  the 
two    experiments    for    carbon    disulfide, 
methyl  acetate  and  ethyl  acetate  agree 
closely.  The  difference  in  results  obtained 
for    ethylene    dichloride    was    probably 
caused  by  the  difference  in  the  time  be- 
tween exposure  and  counting.  Richardson 
&  Casanges  (1942)  report  that  the  effect 
of  ethylene  dichloride  on  flour  beetles  in- 
creases during  the  post-fumigation  period 
to  the  extent  that  40  to  60  per  cent  of  the 
beetles  are  sometimes  killed  between  the 
tenth  and  twentieth  days  after  exposure. 
In  the  light  of  this  work  it  would  be  ex- 
pected that  the  mortality  counts  made  40 
hours  after  exposure  by  Shepard  and  his 
associates  would  indicate  a  higher  median 
lethal  concentration  for  this  compound 
than  the  counts  made  one  week  after  ex- 
posure in  the  work  reported  here. 

A  further  check  on  the  accuracy  of  the 
results  reported  in  this  paper  is  afforded 
by  the  work  of  Richardson  &  Haas  (1932). 
These  authors,  using  an  entirely  difl'erent 
technique,  found  the  median  lethal  con- 


centration of  pyridine  to  Tribolium  to  be 
approximately  7.5  milligram  per  liter  when 
the  exposure  period  was  5  hours.  This  is 
within  0.35  mg.  of  the  value  reported  in  the 
present  paper. 

In  table  3  a  summarized  comparison  of 
the  2-alkyl-pyridines  and  4-alkyl-pyri- 
dines  is  presented.  It  will  be  noted  that  of 

Table  3. — Effects  of  point  of  attachment  of 
alkyl  side  chain  on  the  toxicity  of  alkyl  pyri- 
dine fumigants  to  milkweed  bugs  and  flour 
beetles. 


CONCEN-  - 
TRATION 

Per  Cent  Kill  by 

Length  of 

2-substi- 

4-substi- 

Chain 

Used 

tuted 

tuted 

V 

compound 

compound 

Milkweed  hug 

Ethyl 

2  mg./l 

10 

100 

n-propyl 

2 

100 

100 

is  propyl 

2 

0 

100 

n-butyl 

1 

65 

100 

n-amyl 

i 

85 

100 

n-hexyl 

§^ 

15 

40 

mixed  hexyl 

% 

0 

45 

Flour  beetle 

Ethyl 

5 

2 

6 

n-propyl 

5 

65 

83 

isopropyl 

1 

37 

n-butyl 

26 

74 

n-amyl 

2 

23 

n-hexyl 

2 

0 

mixed  hexyl 

6 

0 

the  14  pairs  of  data  listed,  the  4-substitut- 
ed  compound  is  the  more  toxic  in  eleven 
cases,  and  in  the  other  three  cases  the  dif- 
ference is  insignificant. 

Table  4  is  a  similar  summary  of  paired 
data  showing  comparisons  between  com- 
pounds having  straight  side  chains  and 
those  having  branched  side  chains.  Among 
those  compounds  with  short  side  chains 
there  is  a  tendency  for  the  normal  com- 
pounds to  be  considerably  more  toxic  than 
the  branched  isomer.  As  the  length  of  the 
chain  increases,  however,  the  difference 
between  straight  and  branched  chains  de- 
creases. In  the  hexyl  and  octyl  compounds 
the  effect  seems  to  be  reversed,  the 
branched  chain  compounds  being  more 
toxic  than  the  normal,  isomers. 

A  comparison  of  curves  1 ,  2  and  3  shows 
a  striking  similarity  in  the  action  of  the 
2-n-alkyl-pyridine  fumigants  on  the  three 
organisms  studied,  with  the  general  range 
of  the  peak  of  toxicity  at  the  compounds 
having  3  or  4  carbon  atoms  in  the  side 
chain.  From  a  practical  point  of  view,  it  is 
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interesting  to  note  that  for  fumigation  of 
milkweed  bugs  and  flour  beetles  there  is 
little  to  be  gained  by  the  addition  of  the 
side  chain  to  the  pyridine  base,  since  pyr- 
idine itself  was  almost  as  toxic  as  any  of 
the  alkyl  derivatives.  Against  red  spiders. 

Table  4.— Comparison  of  toxicities  of  alkyl 
P3rridine  fumigants  having  straight  and 
branched  side  chains. 


Position 

AND 

Length 

OF  Side 

Chain 


Per  Cent  Kill  bt 


2-propyl 

2-propyl 

2-propyl 

4-propyl 

4-propyl 

4-propyl 

4-propyl 

4-amyr 

2-hexyl 

«-hexyl 

2-hexyl 

2-hexyl 

2-hcxyl 

4-hexyl 

4-hexyl 

4-hexyl 

2-octyl 

2-octyl 

2-octyl 


Concen- 

Normal 

Branched 

Test 

tration 

chain 

chain 

Organism 

Used 

compound 

compound 

Red  spider 

S  mg./I. 

85 

5 

Milkweed  bug 

2 

100 

0 

Flour  beetle 

5 

65 

1     / 

Milkweed  bug 

0.5 

25 

5 

Milkweed  bug 

1 

35 

10 

Flour  beetle 

2 

16 

0 

Flour  beetle 

5 

83 

37 

Flour  beetle 

10 

52 

12 

Red  spider 

3 

41 

30 

Milkweed  bug 

2 

15 

0 

Milkweed  bug 

3 

20 

10 

Flour  beetle 

5 

2 

« 

Flour  beetle 

40 

12 

14 

Milkweed  bug 

2 

40 

45 

Milkweed  bug 

3 

0 

75 

Flour  beetle 

10 

0 

17 

Milkweed  bug 

5 

35 

70 

Milkweed  Hbg 

10 

55 

85 

Flour  beetle 

20 

1 

1 

however,  pyridine  was  relatively  low  in 
toxicity.  It  was  expected  that  mites  would 
react  to  fumigants  in  a  manner  different 
from  insects,  so  the  difference  in  response 
to  pyridine  was  not  surprising.  The  simi- 
larity of  the  curves  for  red  spiders  and  for 


the  two  insects  was  entirely  unexpected, 
however.  It  may  be  an  indication  that  the 
alkyl  pyridines  tested  are  capable  to  some 
extent  of  penetrating  directly  through  the 
cuticle,  as  Glover  &  Richardson  (1936) 
have  demonstrated  with  nicotine,  pyri- 
dine and  piperidine. 

Summary. — ^The  work  reported  in  this 
paper  includes  tests  of  13  pyridine  de- 
rivatives as  fumigants  against  greenhouse 
red  spiders,  tests  of  28  pyridine  deriva- 
tives as  fumigants  against  the  large  milk- 
weed bug  and  tests  of  34  materials  related 
to  pyridine  as  fumigants  against  the  con- 
fused flour  beetles.  Emphasis  was  placed 
on  a  study  of  the  relationship  between 
toxicity  and  length,  position  and  type  of 
side  chain.  In  all  of  the  tests  carried  out  it 
was  evident  that  in  a  series  of  2-n-alkyI- 
pyridines  a  pronounced  peak  of  toxicity 
occurred  at  the  propyl-  or  butyl-deriva- 
tive. Alkyl  pyridines  with  side  chains  in 
the  4-position  were  more  toxic  than  the 
2-substituted  isomers  and  compounds 
with  normal  side  chains  were  usually  more 
toxic  than  the  branched  isomers.  The  two 
alkyl  piperidines  available  were  more 
toxic  than  the  corresponding  pyridines. 
The  relative  toxicities  of  the  materials 
tested  against  red  spiders  showed  a  high 
degree  of  correlation  with  the  action  of  the 
same  compounds  against  the  two  species 
of  insects  studied. — 4-6-44. 
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Relation  of  Chemical  Constitution  of  Some  N-Heterocyclic 
Compounds  to  Toxicity  Against  Tribolium  confusum} 

H.  L.  King  and  D.  E.  H.  Frear,'^  Agricultural  Experiment  Station,  Pennsylvania  State  College 

State  College,  Pa. 


During  the  course  of  a  comprehensive 
investigation  of  the  relationship  between 
chemical  structure  and  toxicity  in  a  series 
of  pyridine  derivatives,^  it  was  desired  to 
learn  something  of  the  nature  of  the  toxic 
action  of  these  compounds  against  the  con- 
fused flour  beetle,  Tribolium  confusum 
Duval,  and  on  the  basis  of  this  work  to 
establish  some  relationship  between  chem- 
ical structure  and  toxicity  to  this  insect. 

Although  many  N-heterocyclic  com- 
pounds have  been  tested  as  insecticides  by 
various  workers,  among  whom  may  be 
mentioned  Tattersfield  &  Gimingham 
(1927),  Richardson  and  his  associates 
(1930,  1933,  1936),  and  King  &  Frear 
(1943),  little  is  known  regarding  the  toxic- 
ity of  these  materials  as  stomach  poisons, 
emphasis  having  been  placed  on  contact 
action  in  most  cases. 

The  use  of  the  confused  flour  beetle, 
Tribolium  confusum  Duval,  as  a  test  or- 
ganism for  toxicity  experiments,  although 
never  widely  practiced,  is  not  a  new  meth- 
od, these  insects  having  been  used  by 
Dobroscky  (1935)  in  measuring  the  rela- 
tive toxicity  of  lead  arsenate  and  natural 
cryolite  and  by  Fassig  &  Campbell  (1937) 
in  studying  the  effectiveness  of  a  series  of 
homologs  of  paris  green.  A  modification  of 
the  methods  used  by  these  workers  was 
found  to  be  satisfactory  for  this  experi- 
ment. Although  in  any  experiment  in  which 
the  test  insect  is  intimately  in  contact 
with  the  toxicant  there  is  the  possibility  of 
action  as  fumigant,  contact  and  stomach 
poisons,  the  fumigant  action  was  reduced 
to  a  minimum  in  this  experiment  by  the 
use  of  non- volatile  salts. 

IVIaterials  Used. — The  free  N-hetero- 
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quirements for  the  Ph.D.  degree.  The  Pennsylvania  State  Col- 
lege, December  1942. 


cyclic  bases :  2-ethyl-pyridine,  4-n-propyl- 
pyridine,  4-n-amyl-pyridine,  2-n-hexyl- 
pyridine,  2-mixed-undecyl-pyridine,  2,6- 
lutidine  and  quinoline  were  furnished  by 
the  Reilly  Tar  and  Chemical  Corporation. 
While  the  commercial  method  of  prepara- 
tion of  the  samples  used  is  not  available 
for  publication,  a  suitable  laboratory  syn- 
thesis of  the  short-chain  alkyl-pyridines 
has  been  published  by  Tchitchibabine 
(1936),  and  Knight  &  Shaw  (1938)  have 
shown  that  higher  members  of  the  series 
can  be  prepared  by  a  modification  of 
Tchitchibabine's  method. 

Since  flour  beetles  live  and  reproduce 
normally  in  a  diet  of  whole  wheat  flour,  it 
was  necessary  to  incorporate  the  experi- 
mental compounds  into  the  flour  in  such  a 
way  that  fumigant  action  could  be  pre- 
vented, without  interfering  with  the  ac- 
tion of  material  upon  the  insects.  With 
this  in  mind  it  was  decided  to  use  salts  of 
the  bases,  rather  than  the  free  bases,  in 
this  experiment.  The  ability  of  pyridine  to 
form  salts  with  mineral  acids  has  been 
known  practically  as  long  as  pyridine  it- 
self, the  formation  of  pyridine  sulfate  hav- 
ing been  mentioned  Tby  Anderson  (1858), 
the  discoverer  of  pyridine.  Some  confusion 
regarding  the  exact  compyosition  of  this 
salt  has  existed  in  the  literature,  however, 
until  very  recently,  when  the  work  of 
Peakin  (1940)  indicated  that  in  the 
ternary  system  CsHbN  — H2SO4— H2O,  the 
only  solid  sulfate  capable  of  isolation  at 
20°  C,  was  the  acid  salt  CeHgN  H2SO4, 
and  that  a  solution  of  pyridine,  sulfuric 
acid  and  water  in  any  proportions  yields 
on  evaporation  CsHsN  112804  or  a  mix- 
ture of  this  salt  and  sulfuric  acid.  As- 
suming that  the  alkyl  pyridines  and 
quinoline  would  react  similarly  to  pyri- 
dine, a  series  of  sulfates  was  prepared  by 
adding  concentrated  sulfuric  acid  to  an 
excess  of  the  base  and  cooling  the  reaction 
mixture.  The  sulfates  of  quinoline,  4-n- 
propyl-pyridine,  4-n-amyl-pyridine  and 
2,6-lutidine  formed  crystalline  precipi- 
tates, which  were  recrystallized  from  alco- 
hol and  washed  with  acetone.  The  sulfates 


of  2-ethyl-pyridine,  2-n-hexyl-pyridine 
and  2-mixed-undecyl-pyridine  did  not 
form  precipitates  but  separated  as  viscous, 
water-soluble  liquids. 

In  addition  to  its  ability  to  form  salts 
with  mineral  acids,  pyridine  also  forms 
complex  compounds  with  metallic  salts. 
The  formation  of  many  such  double  salts 
has  been  discussed  in  detail  by  Lang 
(1888)  and  Pincussohn  (1897).  Following 
the  general  methods  of  these  workers,  and 
again  assuming  that  the  alkyl  pyridines 
and  quinoline  would  react  similarly  to 
pyridine  itself,  a  series  of  copper  chloride 
double  salts  was  prepared  by  adding  50 
grams  of  the  free  base  to  the  calculated 
amount  of  copper  chloride,  dissolved  in 
200  ml.  of  alcohol.  Crystalline  precipitates 
formed  in  each  case.  These  crystals  were 
of  the  general  type  (RC6H4N)2CuCl2, 
containing  two  molecules  of  the  pyridine 
derivative  to  one  of  the  metallic  chloride, 

Table   1. — Number  of  days  required  to  kill 
50  per  cent  of  adult  flour  beetles. 

(Ration  Containing  10  Per  Cent  of 
Toxicant) 


>oa 


Toxicant 


Days 


2  ethyl-pyridine  sulfate 

4-n-propyl-pyridine  sulfate 

4-7i-amyl-pyridine  sulfate 

2-n-h(  xyl-pyridine  sulfate 

2  mixed  undecyl-pyridine  sulfate 

quinoline  sulfate 

nicotine  sulfate 

check  (no  appreciable  mortality  after  100  days) 


20 
55 
53 
70 
100 
80 
66 
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since  the  calculated  amount  of  CuCU  re- 
acted completely  with  the  pyridine  de- 
rivatives. 

In  addition  to  the  sulfate  and  the  cop- 
per chloride  double  salt  mentioned  above, 
three  crystalline  salts— a  picrate,  a  salicyl- 
ate, and  a  zinc  chloride  double  salt— were 
made  of  4-n-propyl-pyridine.  The  zinc 
chloride  salt  was  prepared  by  adding  the 
free  base  to  the  calculated  amount  of  zmc 
chloride,  dissolved  in  water,  and  was  ap- 
parently of  the  same  type  as  the  copper 
chloride  salt.  In  the  preparation  of  the 
picrate  and  the  salicylate,  however,  it  was 
assumed  that  the  base,  like  the  parent 
compound,  would  react  with  one  molecule 
of  the  acid  (Allen,  1912).  The  picrate  was 
prepared  by  adding  the  base  to  an  aqueous 
solution  of  the  acid,  and  the  salicylate  by 
adding  the  base  to  an  alcoholic  solution  of 
the  acid. 


Fig.  1. — Effect  of  alkyl  pyridine  sulfates  and  related 
materials  as  stomach  poisons  against  TriboHvm  con- 
fusum. ^Vhole  wheat  flour  90%;  test  materials  10%. 

1.  2-ethyl-pyridine  sulfate 

2.  4-n-amyl-pyridine  sulfate 

3.  4-n-propyl-pyridine  sulfate 

4.  nicotine  sulfate 

5.  2-n-hexyl-pyridine  sulfate 

6.  quinoline  sulfate 

7.  2-mixed-undecyl-pyridine  sulfate 

8.  whole  wheat  flour  controls 

Experimental  Procedure  and  Re- 
sults.— For  each  treatment,  the  required 
amount  of  crystalline  toxicant  was  ground 
in  a  mortar  and  added  to  enough  whole 
wheat  flour  to  make  50  grams  of  ration. 
After  mixing  with  a  spatula,  the  ration 
was  ground  in  a  small  Wiley  mill  to  insure 
thorough  mixing  and  crushing  of  all  par- 
ticles. The  three  test  materials  that  were 
not  crystalline  were  dissolved  in  alcohol 
and  mixed  with  the  flour  while  in  solution. 
The  solvent  was  evaporated  off  with  fre- 
quent stirring  of  the  mixture  and  the 
dried  ration  ground  and  mixed  thoroughly. 
The  mixture  was  divided  into  five  10-gram 
portions,  each  of  which  was  placed  in  a 
125  ml.  beaker.  One  hundred  adult  flour 
beetles  were  added  to  each  of  these.  The 
dead  beetles  were  removed  and  counted, 
daily  at  first,  but  less  frequently  as  the  ex- 
periment progressed.  The  averages  of  the 
5    repHcates    of    each    treatment,    when 
plotted  on  coordinate  paper,  formed  a 
smooth  time-mortality  curve,  from  which 
the  time  required  to  kill  50  per  cent  of  the 
beetles  was  read  without  difficulty.  This 
period  of  time  was  used  as  the  standard  of 
comparison   for  the  various   treatments 

considered. 

The  alkyl  pyridine  sulfates  discussed 
above  were  prepared  and  tested  during  the 
period  August  1  to  October  30,  1942.  At 
the  start  of  the  experiment  the  test  beetles 
had  been  mature  about  two  months,  and 
were  probably  at  the  height  of  their  re- 
sisUnce.  The  results  of  this  test  are  given 
in  table  1  and  in  figure  1 . 
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The  remaining  salts,  i.e.,  the  salicylate, 
picrate  and  metallic  double  salts,  were 
prepared  in  August  1942,  but  were  not 
tested  against  flour  beetles  until  the  period 
January  1-March  30,  1943  (Table  2).  At 
this  time  the  beetles  which  were  available 
had  been  mature  for  six  months  and  were 


Table  2. — Number  of  days  required  to  kill 
fifty  per  cent  of  adult  flour  beetles. 


Concentration  of  Toxicant 


10%    20%    40% 


4-n-propyl-pyridine  sulfate 
4-n-propyl-pyridine  salicylate 
4-n-propyl-pyridine  picrate 
4-n-propyI-pyridine  zinc  chloride 
4-n-propyl-pyridine  copper  chloride 
«  etnyl-pyndine  copper  chloride  ^ 
4-n-propyI-pj^ridine  copper  chloride 
4-n-amyl-pyridine  copper  chloride 
£,6-lutidine  copper  chloride 
quinoline  copper  chloride 
Harvation  check 
WhoU  wheat  flour  alone 


25 

18 

11 

10 

10 

0 

If 

18 

10 

10 

9 

8 

8 

22 

not  as  resistant  as  those  used  in  the  earlier 
test,  the  decrease  in  vigor  being  quite  ap- 
parent in  a  comparison  of  the  check 
groups  of  the  two  tests.  For  this  reason, 
direct  comparisons  between  the  two  tests 
are  not  justifiable.  Each  test  must  be  con- 
sidered complete  in  itself  and  it  must  be 
remembered  that  the  values  obtained  are 
relative  values  only,  and  are  dependent 
upon  the  vigor  of  the  insect  culture  at  the 
time  of  the  experiment. 

Discussion. — Although  none  of  the  sul- 
fates listed  in  table  1  proved  to  be  highly 
toxic  against  the  confused  flour  beetle,  it 
is  obvious  that  marked  differences  existed 
within  the  series  of  compounds.  The  sul- 
fate of  2-ethyl-pyridine,  for  example,  was 
much  more  toxic  than  the  other  salts  of 
this  series.  The  sulfates  of  4-n-amyl-pyr- 
idine and  4-n-propyl-pyridine  were  next 
in  order  of  toxicity,  being  very  nearly 
equal  to  each  other.  The  sulfate  of  2-n- 
hexyl-pyridine  was  much  less  toxic  than 
the  above  salts  and  2-mixed-undecyl-pyr- 
idine  sulfate,  the  last  of  the  series,  was 
the  least  toxic  compound  studied.  While 
it  is  impossible  in  an  experiment  of  this 
kind  to  distinguish  clearly  between 
toxicity  due  to  contact  action  and 
that  produced  by  the  ingested  toxicant, 
the  former  is  in  general  much  more  rapid 
than  the  latter.  The  curves  obtained  in 
this  experiment  indicate  that  the  toxicity 
of  the  compounds  tested  was  largely,  if 
not  entirely,  due  to  stomach  poison  rather 


than  contact  action.  The  most  important 
observation  to  be  drawn  from  this  experi- 
ment is  that  the  order  of  toxicity  of  the 
series  of  compounds  was  just  the  reverse 
of  the  order  obtained  by  the  authors 
(1943)  in  contact  spray  experiments 
against  the  greenhouse  red  spider,  prob- 
ably indicating  that  the  shorter  chain 
compounds  were  more  effective  stomach 
poisons  while  the  longer  chain  compounds 
were  more  effective  contact  sprays. 

The  results  given  in  table  2  appear  to 
indicate  that  many  of  the  compounds 
were  repellent  to  the  beetles.  The  entire 
series  of  copper  chloride  double  salts,  for 
example,  gave  time-mortality  curves  not 
significantly  different  from  each  other  or 
from  the  starvation  check.  It  is  significant, 
also,  that  the  increase  in  concentration  of 
toxicant  from  10  per  cent  to  40  per  cent 
did  not  have  any  appreciable  effect  on  the 
mortality — another  indication  that  a  con- 
dition of  more  or  less  complete  repellency 
obtained. 

The  results  given  by  the  various  salts  of 
4-n-propyl-pyridine  demonstrate  to  what 
an  extent  the  inherent  toxicity  of  the  base 
may  be  modified  by  the  rest  of  the  mole- 
cule. The  copper  chloride  double  salt  was 
completely  repellent  and  the  picrate,  sali- 
cylate, zinc  chloride  double  salt  and  sul- 
fate gave  results  that  may  be  taken  as  an 
indication  of  medium  toxicity,  medium 
repellency  or  both.  With  the  available 
data,  it  is  impossible  to  be  sure  of  the 
exact  nature  of  the  action  of  these  mate- 
rials for  which  the  time-mortality  curves 
fall  between  those  of  the  starved  controls 
and  those  of  the  fed  controls. 

Summary. — Seventeen  salts  of  various 
pyridine  derivatives  were  prepared  and 
tested  against  adults  of  the  confused  flour 
beetle,  Triholium  confusum  Duval.  A 
series  of  alkyl  pyridine  sulfates  gave  re- 
sults indicating  that  the  salts  with  short 
alkyl  side  chains  were  more  toxic  than 
those  with  long  chains.  The  toxicity  of 
these  compounds  appeared  to  be  due 
largely  to  the  material  ingested,  rather 
than  to  contact  action.  A  series  of  alkyl 
pyridine  copper  chloride  double  salts  ap- 
peared to  be  completely  repellent  to  the 
beetles.  Results  obtained  with  three  addi- 
tional salts  of  4-n-propyl-pyridine  indi- 
cated that  the  picrate,  salicylate  and  the 
zinc  chloride  double  salt  were  slightly 
toxic  or  partially  repellent,  or  both. 
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Relation  of  Chemical  Constitution  of  Some  N-HeterocycIic 

Compounds  to  Toxicity  to  Aphis  rumicis' 

H.  L.  King.  D.  E.  H.  Frear  and  L.  E.  Dills,^  Agricultural  Experiment  Station 


A  number  of  workers  have  studied  the 
contact  action  of  pyridine  and  picoline  on 
aphids.  The  work  of  Tattersfield  & 
Gimingham  (1927),  Richardson  &  Shep- 
ard (1930)  and  Richardson  &  Smith 
(1923)  indicated  that  these  materials  were 
of  little  value  a^  aphicides.  The  authors 
have  found  no  tests  of  the  higher  members 
of  the  alkyl  pyridine  series  reported  in  the 
literature.  By  courtesy  of  the  Reilly  Tar 
and  Chemical  Corporation,  samples  of  a 
number  of  higher  alkyl  pyridines  and 
other  pyridine  derivatives  have  been  made 
available  for  testing.  The  data  reported  in 
this  paper  are  the  results  of  aphicidal 
testjs  of  37  of  these  materials  (See  Table  1). 
From  this  group  of  compounds,  it  was  pos- 
sible to  separate  three  distinct  homologous 

I  Authorized  for  publication  on  April  S.  1944  as  Paf^r  N^^^ 
1280  in  the  Journal  Series  of  the  Pennsylvania  Agricultural  fcx 

of  zSology  and  Entomology,  at  the  suggestion  and  ^ith  the 
cooperation  of  the  Research  Division  of  the  Reilly  Tar  and 
Chemical  Corporation. 
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series  with  alkyl  chains  ranging  from  one 
to  eight  carbon  atoms  in  length. 

Preparation  of  Materials. — With 
the  exception  of  2-amino-pyridine,  which 
was  crystalline  in  nature,  all  of  the  mate- 
rials were  liquids  at  room  temperature. 
The  lower  members  of  the  series  were 
readily  soluble  in  water  but  the  higher 
members  were  progressively  less  water- 
soluble  and  required  some  emulsifying 
agent  to  make  suspensions  suitable  for 
testing.  For  uniformity  Orvus  wetting 
agent  (a  sodium  lauryl  sulfate  paste — see 
Cupples  1940)  wa^  used  in  all  spray  sus- 
pensions at  the  rate  of  .025  gm.  of  paste 
per  100  ml.  sample.  This  acted  as  a  wet- 
ting agent  in  all  samples  and  as  an  emulsi- 
fier  where  necessary. 

Procedure  of  Rearing  and  Testing. 
—A  stock  culture  of  bean  aphids,  Aphis 
rumicis,  L.,  was  maintained"  in  the  green- 
house on  potted  nasturtium  plants.  A  few 
(in  most  cases  three)  days  before  testing, 
aphids  were  transferred  from  the  stock 
culture  to  small  nasturtium  plants  in  pots. 
Each  test  pot  contained  two  plants,  with 
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an  average  over  the  entire  experiment  of 
175  aphids  per  plant.  The  spraying  was 
carried  out  in  the  spray  chamber  de- 
scribed by  the  senior  authors  (King  & 
Frear  1943)  in  an  earlier  publication.  For 
this  experiment  the  chamber  was  moved 
into  the  laboratory,  which  was  maintained 
at  a  more  uniform  temperature  than  the 


PtR    CENT 
CONTROL 


day's  run.  With  this  as  a  reference,  Ab- 
bott's per  cent  control  (Abbott  1925)  was 
calculated  for  each  day's  results.  The  av- 
erages obtained  are  tabulated. 

Discussion. — ^The  most  important  re- 
sults obtained  in  this  experiment  are  suiii- 
marized  graphically  in  figure  1.  In  this 
figure,  three  homologous  series  of  com- 
pounds are  represented:  a  series  of  2-n- 
alkyl-pyridines,  a  series  of  4-n-alkyl-pyri- 
dines,  and  a  series  of  2-n-alkyl-6-methyl- 
pyridines.  Comparison  of  the  three  curves 
shows  at  once  that  the  4-substituted  al- 
kyl  pyridines  were  more  toxic  than  the 
corresponding  2-substituted  compounds. 

Table  1. — Effects  of  sprays  containing  1  per 
cent  of  various  pyridine  derivatives  on  Aphis 
rumicis  L.  and  on  nasturtiums. 


I  2  3  4  5  6  7  6 

MUMBCR  or   CARBON    ATOMS    IN     S!OE     CHAIN 

Fig.  1. — Effects  of  length  and  position  of  side  chain 
on  toxicity  of  alkyl  pyridines  to  Aphis  rumicis,  L. 
Toxicant  1  per  cent;  Orvvs  wetting  agent  0.02'>  per 

cent. 

A.  4-n-alkyl-pyridines 

B.  2-7i-alkyl-6-nr;ethyl-pyridines 

C.  2-n-alkyl-pyridines 

greenhouse,^  and  the  test  plants,  after 
beihg  sprayed  to  the  point  of  run-off,  were 
placed  in  a  constant  temperature  room 
maintained  at  28  ±1°  C.  This  procedure 
eliminated  much  of  the  variability  experi- 
enced in  preliminary  tests  conducted  in 
the  greenhouse.  Counts  were  made  as  de- 
scribed by  Hartzell  &  Wilcoxon  (1932). 

Experimental  Design  and  Results. 
— Each  material  was  tested  at  a  concen- 
tration of  1.0  per  cent,  with  1.0  gm.  of 
toxicant,  0.025  gm.  of  Orvus  wetting  agent 
paste  and  99.0  ml.  of  distilled  water  per 
sample.  Because  of  the  large  number  of 
materials,  it  was  impossible  to  complete 
a  replicate  on  any  given  day.  Approxi- 
mately   a   third   of    the    materials    were 
tested  each  day,  and  the  compounds  were 
regrouped  at  the  completion  of  each  repli- 
cate to  avoid  an  accumulation  of  errors 
caused  by  day-to-day   variation   in   the 
aphid  culture.  With  the  exception  of  2- 
amino-pyridine,  of  which  only  a  very  lim- 
ited quantity  was  available,  each  mate- 
rial was  tested  on  from  3  to  7  different 
days,  depending  on  the  degree  of  agree- 
ment obtained.  As  a  control,  a  solution 
of  Orvus  in  water  was  included  in  each 


No. 

No. 

Per 

OP 

OF 

Cent 

Injury 

Days 

Apuids 

Control 

TO 

Test- 

Count- 

OF 

Plants 

Material 

ed 

ed 

Aphids 

Pyridine 

11 

3438 

2.4 

none 

2-methyl-pyridine 

5 

2193 

2.9 

none 

2-ethyl-pyridine 

5 

2130 

3.5 

none 

2-n-propyl-pyridine 

3 

1388 

7.0 

none 

2-isopropyl-pyridine 

5 

1678 

10.1 

none 

2-n-butyl-pyridine 

3 

1180 

10.1 

none 

2-n-arayl-pyridine 

4 

1469 

34.2 

severe 

2-n-hexyl-pyridine 

4 

1443 

68.7 

very  severe 

2-mixed-liexyl-pyridine 

5 

1728 

53.3 

severe 

2-n-heptyl-pyridine 
2-n-octyI-pyridine 

3 

1055 

98.2 

very  severe 

3 

1032 

97.4 

very  severe 

2-(3-octyl)  -pyridine 
2-  (2-me-octyJ)  -pyridine 

3 

978 

79.3 

very  severe 

3 

799 

97.5 

very  severe 

2-(6-undecyl)-pyridine 

4 

1312 

86.9 

very  severe 

2-mixed-undecyl-pyridine 

'       3 

972 

78.6 

very  severe 

2-ethanol-pyridine 

8 

917 

4.5 

moderate 

2-amino-pyTidine 

2 

523 

50.7 

severe 

3-nietliyl-pyridine 

5 

1891 

8.4 

none 

4-ethyl-pyridine 

3 

1355 

9.1 

none 

4-n-propyI-pyridinc 

4 

1510 

14.0 

none 

4-isopropyl-pyridine 

4 

1546 

15.5 

none 

4-n-butyl-pyridine 

4 

1650 

37.9 

moderate 

4-n-amyl-pyridine 

5 

2756 

79.8 

.severe 

4-(3-pentyl)-pyridine 

3 

1101 

36.1 

moderate 

4-n-hexvl-pyTidine 
4-mixed-hexyl-pyridine 

3 

805 

99.2 

very  severe 

3 

842 

98.5 

very  severe 

2-me-4-me-pyridine 

4 

1409 

18.1 

none 

2-me-5-me-pyridine 

5 

1881 

20.5 

none 

2-me-6-me-pyridine 

7 

2742 

10.8 

none 

2-et-6-nie-pyridine 

7 

2887 

10.2 

none 

2-butyl-6-me-pyridine 

5 

1606 

14.5 

none 

2-amyl-6-me-pyridine 

7 

3165 

51.1 

severe 

2-hexyl-6-me-pyridine 

4 

1074 

74.3 

very  severe 

2-amino-6-me-pyridine 

4 

1255 

58.5 

severe 

Quinoline 

3 

1057 

76.4 

very  severe 
slight 

2-n-hexyl-piperidine 

S 

1484 

40.2 

4-n-amyl-piperidine 

4 

1101 

81.7 

severe 

Likewise,  they  were  more  toxic  than  the 
2,  6-,  disubstituted  derivatives.  The  gen- 
eral shape  of  the  three  curves  indicates 
that  regardless  of  the  position  of  the  sub- 
stitution the  toxicity  of  an  alkyl  pyridine 
increases  markedly  when  the  alkyl  chain 
is  increased  to  5  or  more  carbon  atoms.  In 
the  series  tested  this  increase  in  toxicity 
was  found  to  continue  to  the  end  of  the 
series.  The  apparent  peak  shown  in  figure 
1  for  2-n-heptyl-pyridine  was  proved  to 


be  within  the  limits  of  experimental  error 
and  replicated  tests  of  2-n-heptyl-pyridine 
and  2-n-octyl-pyridine  at  a  concentration 
of  0.25  per  cent  indicated  that  at  this 
lower  concentration  the  octyl  derivative 
was  definitely  more  toxic  than  the  heptyl 
compound,  the  two  materials  giving  84.4 
and  65.9  per  cent  control,  respectively. 

The  shape  of  the  curves  also  indicates 
that  the  addition  of  a  -CH2-  group  to  the 
side  chain  attached  to  the  pyridine  nu- 
cleus did  not  always  produce  the  same 
increase  in  toxicity.  At  the  lower  end  of 
the  2-n-alkyl-pyridine  series,  for  example, 
the  increase  from  one  to  two  carbon  atoms 
in  the  side  chain  (methyl  to  ethyl)  in- 
creased the  toxicity  less  than  1  per  cent, 
while  higher  in  the  same  series,  the  same 
increase  (from  amyl  to  hexyl)  increased 
the  toxicity  34  per  cent.  Similar  relations 
may  be  observed  in  the  other  two  series 
of  compounds  studied.  The  effect  on  toxic- 
ity of  the  methyl  group  in  the  6  position 
in  the  2-n-alkyl-6-methyl-derivatives  was 
consistently  low  throughout  the  entire  se- 
ries. 

It  was  observed  in  this  series  that  toxic- 
ity was  roughly  parallel  to  insolubility  in 
water,  the  more  highly  effective  materials 
being  those  which  formed  emulsions  with 
water. 

A  number  of  interesting  points  may  be 
noted  in  connection  with  the  miscellane- 
ous materials  which  could  not  be  grouped 
in  any  series.  For  example,  the  normal  or 
straight-chain  alkyl  pyridines  were  gen- 
erally more  toxic  than  the  corresponding 
branched-chain  isomers.  The  propyl  com- 
pounds were  exceptions  to  this  generaliza- 
tion, since  the  isopropyl  derivatives  were 
more  toxic  in  each  case  than  the  normal 
isomers.  Among  the  higher  homologs, 
however,  it  will  be  seen  that  2-n-hexyl- 
pyridine  was  more  toxic  than  2-mixed- 
•hexyl-pyridine ;  2-w-octyl-pyridine  was 
more  toxic  than  2- (3-octyl) -pyridine;  and 
4-n-amyl-pyridine  was  more  toxic  than 
4-(3-pentyl)-pyridine. 

The  amino  derivatives,  2-amino-pyri- 
dine  and  2-amino-6-methyl-pyridine  are 
other  interesting  compounds  which  do  not 
fit  any  series.  The  results  given  by  these 
materials  illustrate  the  marked  increase 
in  toxicity  caused  by  the  addition  of  an 
amino  group  to  the  pyridine  nucleus,  as 
compared  to  the  slight  effect  of  the  addi- 
tion of  a  methyl  group.  The  high  toxicity 
of  the  amino  pyridines  was  noted  by  Wi- 


baut  (1934)  and  was  reported  by  King  & 
Frear  (1943)  in  a  study  of  the  toxicity  of 
these  materials  to  the  greenhouse  red 
spider. 

It  was  expected  that  2-n-hexyl-piperi- 
dine and  4-n-amyl-piperidine  would  be 
more  toxic  than  the  corresponding  pyri- 
dines, since  Tattersfield  &  Gimingham 
(1927)  as  well  as  Richardson  &  Shepard 
(1930)  found  that  hydrogenation  of  cer- 
tain N-heterocyclic  compounds  increased 
toxicity  markedly.  In  the  present  study, 
however,  hydrogenation  appeared  to  have 
no  effect  or  to  decrease  toxicity,  rather 
than  to  increase  it. 

A  comparison  of  the  three  isomeric 
lutidines,  or  dimethyl  pyridines,  provides 
further  proof  that  toxicity  is  enhanced 
more  by  alkyl  substituents  on  the  3,  4  or 
5  positions  than  on  the  2  or  6  positions, 
since  2,4-dimethyl-pyridine  and  2,5-di- 
methyl-pyridine  gave  twice  as  high  control 
as  2,6-dimethyl-pyridine. 

It  is  interesting  to  note  that  phytotoxic 
effect  closely  paralleled  aphicidal  action. 
The  highest  control  obtained  without  in- 
jury to  the  plants  was  20.5  per  cent,  given 
by  2,5-dimethyl-pyridine.  2-n-hexyl-pi- 
peridine gave  40.2  per  cent  control  with 
only  slight  injury  to  the  plants.  All  other 
compounds  giving  more  than  20.5  per 
cent  control  of  the  insects  caused  burning 
of  the  foliage  ranging  from  moderate  to 

severe. 

Summary. — ^Pyridine  and  36  related 
compounds  were  tested  as  contact  insecti- 
cides against  Afhis  rumicis,  L.  In  a  series 
of  2-n-alkyl-pyridines  it  was  found  that 
compounds  with  5  or  more  carbon  atoms  in 
the  side  chain  were  much  more  toxic  than 
those  with  short  chains,  the  toxicity  in- 
creasing with  the  length  of  the  substituent 
group.  A  series  of  2-n-alkyl-6-methyl  pyr- 
idines gave  results  closely  parallel  to 
those  given  by  the  2-n-alkyl-pyridines.  A 
series  of  4-n-alkyl-pyridines  was  more  toxic 
than  the  corresponding  2-n-alkyl-com- 
pounds.  Normal  or  straight-chain  alkyl 
compounds  were  generally  more  toxic 
than  the  branched  chain  isomers.  The  ad- 
dition of  an  amino  group  to  the  pyridine 
nucleus  increased  the  toxicity  much  more 
than  the  addition  of  a  methyl  group  in  the 
same  position.  Hydrogenation  of  two  alkyl 
pyridines  to  the  corresponding  piperi- 
dines  did  not  increase  the  toxicity.  Phyto- 
toxicity  was  generally  parallel  to  aphicidal 
action. — 4-6-44. 
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Mercury  Substitutes  for  Cabbage  Maggot  Control 

L.  E.  Dills,  D.  E.  H.  Frear,  and  H.  L.  King,  Pennsylvania  Agricultural  Experiment  Station,  State  College'^ 


In  the  spring  of  1943  the  scarcity  and 
high  price  of  mercury  emphasized  the  de- 
sirability of  testing  a  number  of  mercury 
substitutes  for  control  of  the  cabbage 
maggot,  Hylemia  brassicae  (Bouche).  Tar 
paper  pads  (GofI  1891,  Slingerland  1894, 
Schoene  1914,  Hodgkiss  &  Horsfall  1922), 
liberal  applications  of  tobacco  dust 
(O'Kane,  Cleveland  &  Iladley  1923,  Glas- 
gow 1925)  and  screening  (Schoene  1908, 
Gibson  &  Treherne  1916,  Parrott  &  Glas- 
gow 1917)  also  have  been  recommended. 
Under  present  conditions  in  Pennsylvania 
none  of  these  appeared  practical. 

Methods  and  Materials. — Since  fa- 
cilities were  limited  and  it  was  necessary 
to  test  a  considerable  number  of  materials 
in  a  small  space  with  some  degree  of  ac- 
curacy, cabbage  plants  could  not  be  used. 
Radishes  offered  the  most  practical  solu- 
tion of  the  problem,  since  they  required 
little  space  and  are  preferred  hosts  of  this 
insect.  The  most  apparent  disadvantage  is 
that  radishes  are  injured  by  some  mate- 
rials which  may  safely  be  used  on  cab- 
Two  field  tests  were  conducted.  In  the 
first  experiment  white  icicle  radishes  were 
used  and  the  dust  treatments  were  made 
when  the  first  pair  of  primary  leaves  were 
developing.  This  was  on  May  19  and  20. 
The  dichloroethyl  ether  was  applied  on 
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May  23.  Scarlet  globe  radishes  were  used 
in  the  second  experiment.  These  radishes 
had  been  planted  earlier  than  those  in  the 
first  experiment.  On  May  24,  when  these 
treatments  were  made,  there  were  two 
pairs  of  primary  leaves  with  the  third  pair 
beginning  to  show. 

Only  one  application  was  made,  and 
with  the  exception  of  corrosive  sublimate 
and  dichloroethyl  ether,  all  treatments 
were  used  as  dusts.  Calomel  was  prepared 
as  a  mechanical  mixture  with  hydrated 
lime  and  with  bentonite.  All  the  remaining 
dusts  were  made  by  dissolving  the  toxi- 
cant, mixing  with  bentonite,  evaporating 
to  dryness,  and  grinding.  In  the  first  ex- 
periment the  treatments  were  replicated 
six  times,  while  in  the  second  there  were 
seven  replications.  The  plots  were  7  feet 
in  length  and  were  randomized  to  elim- 
inate any  differences  in  location.  In  addi- 
tion to  the  replicated  treatments,  pre- 
liminary trials  were  made  in  the  first  ex- 
periment on  eight  other  materials,  using  a 
reduced  number  of  plots. 

The  dust  was  applied  from  an  attach- 
ment to  a  plunger  type  2-quart  duster. 
This  was  made  by  attaching  a  3-foot 
length  of  half-inch  heavy  rubber  tubing 
to  a  glass  tube  which  extended  several 
inches  through  a  large  rubber  stopper. 
Through  another  hole  in  the  stopper  was 
inserted  a  7  mm.  bent  glass  tube  which 
was  the  discharge  outlet.  The  dust  to  be 
used  was  put  into  a  pint  jar  which  the 
large  rubber  stopper  fitted.  The  rubber 
tube  was  attached  to  the  exit  opening  f  ron^ 
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the  duster  where  the  discharge  pipe  had 
been  removed.  This  arrangement  elimi- 
nated the  problem  of  cleaning  the  duster 
and  2  persons  could  apply  the  treatments 
quite  rapidly. 

Results. — Since  the  per  cent  infesta- 
tions of  the  treatments  were  not  all  be- 
tween 20  and  80  per  cent,  the  equivalent 
angle  was  used  in  the  statistical  treatment 
of  the  data. 

Analysis  of  variance  (Snedecor  1940) 
was  made  and  is  given  in  tables  1  and  2. 

When  applied  early,  a  10  per  cent 
calomel  dust  was  the  best  insecticide  used 
which  did  not  injure  the  radish  plants. 
When  it  was  applied  late,  as  in  the  second 
experiment,  it  was  found  to  be  much  less 
effective.  W^ith  the  same  carrier  there  was 
not  a  significant  difference  between  a  4 
and  a  10  per  cent  calomel  dust  but  when  a 

Table  1. — Cabbage  maggot  tests  on  white 
icicle  radishes. 

(Experiment  1) 


Treatment 


In- 

JUBY^ 


%  Not 

In- 
fested 


Sum  of 
Equiva- 
lent 
Angles 


Calomel  10% 
Paradichlorol)enzene  10% 
Paradichlorobenzene  20% 
ParadichIorol>enzene  40% 
Dichloroethyl  ether  1-400 
Dichloroethyl  ether  1-800 
Naphthalene  10% 
Naphthalene  20% 
Naphthalene  40% 
Check  (no  treatment) 
«-cthyl-pyridine  sulfate  10% 
2-n-hexyl-pyridine  sulfate  10% 
2-mixed-undecyl-pyridine      sulfate 

10% 
4-n-propyl-pyridine  sulfate  10% 
4-n-amyi-pyridine  sulfate  10% 
Quinoline  sulfate  10% 
Hexachlorethane  10% 
Hexachlorcthane  20% 
Hexachlorethane  40% 
Phenothiazine  10% 
Phenothiazine  20% 
Mathieson  Alkali  Weed  KiUer  10% 
Koppers  Dormant  Tar  Oil  10% 
Beta  naphthol  107o 
Pentacapryl    laurylarainc    tripoly- 

phosphate  10^ 
Kerosene  phosphine  sulfide  10% 
Chlorophenyl  thiophosphonic  acid 

10% 
Cresylic  acid  10% 
Potassium  sulfide  10% 


0 

84.7 

406.26 

1 

62.4 

817.28 

1 

45.1 

251.56 

« 

48.8 

265.69 

0 

74.8 

362.14 

0 

65.5 

327.23 

1 

54.6 

286.02 

« 

58.0 

300.58 

f 

55.3 

289.07 

0 

50.1 

270.69 

5 

94.6 

492.74 

s 

74.8 

874.39 

s 

73.4 

855.42 

4 

65.4 

325.75 

s 

58.8 

301.32 

f 

67.4 

832.71 

1 

58.2 

298.62 

t 

47.0 

259.59 

t 

49.8 

269.19 

s 

56.0 

292.17 

4 

58.8 

301.70 

2 

62.8 

(2  plots) 

5 

100 

(2  plots) 

D 

(2  plots) 

2 

60.3 

(2  plots) 

0 

48.3 

(2  plots) 

8 

47.3 

(2  plots) 

D 

— 

(4  plots) 

1 

68.1 

(2  plots) 

Analysis  of  variance  on  white  icicle  radishes 

soukce  of 
Variation 

Degree 

OF           Sum  or      Mean 
P^BEEDOM    Squares     Square 

F 

Totals 
Treatments 
Replicates 
Experimental  error 

125         20,076.65         ~ 
20         10,691.18     534.56 
5               598.79     119.76 
100           8,786.68       87.87 

6.08** 
1.36 

♦*  Significant  at  the  1  per  cent  level. 

Difference  between  sums  of  the  equivalent  angles  necessary 
for  .significance  at  the  5  per  cent  level  =  64.5. 

1  Injury:  0,  none;  1,  very  slight;  2,  slight;  3,  moderate;  4 
jsevere;  5,  very  severe;  D,  dead. 


Table  2. — Cabbage  maggot  tests  on  scarlet 
globe  radishes. 

(Experiment  2) 


Treatment 


Injury^ 


%NOT 

In- 
fested 


Sum  OF 
Equiva- 
lent 
Angles 


Calomel  4%  (bentonite) 
Calomel  10%  (bentonite) 
Calomel  4%  (hydrated  lime) 
Calomel  10%  (hydrated  lime) 
Dichloroethyl  ether  1-200 
Dichloroethyl  ether  1-400 
Corrosive  sublimate  1-1000 
Check  (no  treatment) 
Phenothiazine  40% 
Naphthalene  40% 
Paradichlorobenzene  40% 
Hexachlorethane  40% 
Koppers  Dormant  Tar  Oil  5% 
Calcium  sulfide  10% 


0 
0 
0 
0 
0 
0 
2 
0 
3 
1 
1 
1 
3 
0 


56.9 
65.9 
44.6 
50.6 
89.1 
80.5 
74.1 
41.7 
46  0 
67.0 
48.5 
48.5 
70.8 
56.6 


343.37 
381 . 22 
293.33 
317.35 
501.65 
447.98 
419.62 
281.28 
298.80 
386.27 
307.44 
308.65 
402.28 
342.19 


Analysis  of 

variance. 

Source 

OF 

Variation 

Degrees 

OF 

Freedom 

Sum  of 
Squares 

Mean 
Square 

F 

ToUls 
Treatments 
Replicates 
Experimental  error 

97 

13 

6 

78 

12,047.81 
8,068.94 
1,467.05 
2,511.82 

620.69 

244.51 

32.20 

19. 28*' 
7.59** 

♦*  Significant  at  the  1  per  cent  level. 

Difference  between  sums  of  the  equivalent  angles  necessary 
for  significance  at  the  5  per  cent  level  =42.3. 

1  Injury:  0,  none;  1,  very  slight;  2,  slight;  3,  moderate. 


4  per  cent  calomel  dust  with  hydrated 
lime  as  the  carrier  was  compared  with  a 
10  per  cent  dust  with  bentonite  thediflFer- 
ence  was  significant.  Calomel  at  4  and  at 
10  per  cent  with  bentonite  as  the  carrier 
was  more  toxic  than  when  used  at  the 
same  strength  with  hydrated  lime.  When 
applied  late,  corrosive  sublimate  solution 
was  found  to  be  more  toxic  than  10  per 
cent  calomel  with  hydrated  lime  as  the 
carrier,  but  not  significantly  more  toxic 
than  10  per  cent  calomel  with  bentonite  as 
the  carrier.  The  best  insecticide  tested 
late,  which  did  not  cause  injury,  was  di- 
chloroethyl ether. 

The  plots  to  which  paradichloroben- 
zene, hexachlorethane,  phenothiazine,  4- 
n-propyl-pyridine  sulfate,  4-n-amyl-pyri- 
dine  sulfate  and  quinoline  sulfate  were 
applied  were  not  significantly  better  than 
those  which  had  not  been  treated.  Naph- 
thalene at  40  per  cent  in  the  second  experi- 
ment, 2-mixed-undecyl-pyridine  sulfate, 
and  calcium  sulfide  showed  significant 
toxicity,  but  fell  far  short  of  giving  satis- 
factory results. 

Beta-naphthol  and  cresylic  acid  dusts, 
at  the  concentration  used,  killed  the 
plants.  Therefore  no  reliable  information 
on  toxicity  to  the  insects  was  obtained. 
Limited  trials  of  potassium  sulfjcje,  chlo- 


642 


Journal  of  Economic  Entomology 


Vol  37,  No.  5 


rophenyl  thioposphonic  acid,  kerosene 
phosphine  sulfide,  pentacapryl  laurylam- 
ine  tripoly phosphate  and  Mathieson  Al- 
kali  Weed  Killer  gave  no  indication  that 
further  tests  should  be  conducted  with 
these  materials. 

The  2-ethyl-pyridine  sulfate  was  found 
to  be  very  effective  in  preventing  insect 
injury,  but  caused  serious  damage  to  rad- 
ish plants.  A  limited  trial  of  a  dust  con- 
taining 10  per  cent  Koppers  Dormant  Tar 
Oil  gave  similar  results.  In  experiment  2, 
where  the  Koppers  Dormant  Oil  was  used 
at  5  per  cent  in  replicated  plots,  it  was 
found  to  have  insecticidal  value,  but 
caused  moderate  plant  injury.  The  2-n- 
hexyl-pyridine  sulfate  also  was  found  to 
be  of  value  in  reducing  maggot  damage, 
but  unsafe  to  use  on  radishes.  These 
three  new  materials,  which  had  been 
found  to  be  most  effective  in  preventing 
maggot  damage  to  radishes,  were  given 
preliminary  tests  on  cabbage.  Ten  per 
cent  dusts  were  applied  to  the  dampened 
stems  of  late  cabbage  before  setting. 
Records  kept  for  more  than  2  months 


did  not  indicate  any  harmful  effects. 

Summary. — Thirty-six  different  treat- 
ments, using  22  different  materials,  were 
applied  to  radishes  under  field  conditions, 
and  counts  were  made  of  cabbage  maggot 
infestation.  The  new  materials  tested  in- 
cluded several  chlorinated  hydrocarbons, 
N-heterocyclic  compounds,  and  a  number 
of  miscellaneous  substances.  The  best 
safe  material  tested  early  on  radishes 
was  a  calomel-bentonite  dust,  while  the 
best  late  treatment  was  with  dichloroethyl 
ether.  The  smallest  per  cent  infestation 
with  maggot  followed  the  use  of  a  dormant 
tar  oil  and  2-ethyl-pyridine  sulfate  dust 
at  10  per  cent,  but  injury  to  the  radish 
plants  was  very  severe.  Several  of  the 
other  pyridine  derivatives  were  found  to 
be  quite  effective,  but  caused  considerable 
plant  injury.  Preliminary  tests  indicated 
that  some  of  the  treatments  which  caused 
serious  injury  to  radishes,  but  were  effec- 
tive in  preventing  maggot  damage  can  be 
used  safely  on  cabbage  plants.  Further 
work  is  planned  for  the  coming  year. 
—6-23-44. 
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14723  P 
Response  of  Rats  to  Diets  Containing  Propylene  Glycol  and  Glycerol. 

Gaylord  p.  Whitlock,  N.  B.  Guerrant,  and  R.  Adams  Butcher. 

From  the  Department  of  Agricultural  and  Biological  Chemistry^  Pennsylvania  State  College.. 


The  present  paper  is  a  brief  preliminary 
report  regarding  some  of  the  principal  ob- 
servations in  connection  with  experiments 
which  were  started  in  1941  in  an  attempt  to 
compare  the  physiological  effects  of  propylene 
glycol  and  glycerol  when  fed  to  rats  at  dif- 
ferent levels  of  intake. 

The  first  series  of  growth  experiments  cov- 
ered a  period  of  20  weeks.  The  basal  ration 
consisted,  in  parts  per  100,  of  casein  20,  salt 
mixture  4,  Cell-U-Flour  2,  butter  fat  6,  cod 
liver  oil  2,  brewer's  yeast  6,  and  corn  starch  60. 
Each  experimental  group  consisted  of  6  to  10 
young  rats.  The  basal  ration  was  modified  by 
replacing  corn  starch  with  glycerol  and  pro- 
pylene glycol,  respectively,  at  levels  of  1,  3, 
6,  10,  15,  20,  30,  40,  50,  and  60  parts  per 
100  of  total  ration.  Consequently,  the  first 
series  of  experiments  comprised  21   dietary 

groups. 

In  a  second  series  of  experiments,  groups  of 
young  rats  were  fed  4  basal  diets  identical  with 
that  of  the  first  series  with  the  exception  that 
in  3  of  these  starch  was  replaced  by  glucose, 
sucrose,  or  dextrin,  respectively.  In  this 
series,  propylene  glycol  and  glycerol  were  fed 
only  at  a  30%  level,  replacing,  in  each  case, 
30  parts  of  the  carbohydrate. 

A  third  series  of  feeding  trials  was  con- 
ducted in  which  propylene  glycol  and  glycerol 
were  fed  in  isocaloric  amounts  at  a  level  ap- 
proximating 30%  of  the  diet. 

In  the  first  series  of  experiments,  no  marked 
differences  in  growth  response  could  be  de- 
tected until  the  alcohols  were  fed  at  the  30% 
level.  At  this  level  the  glycerol-fed  anima  s 
grew  at  an  approximately  normal  rate,  while 


the  propylene  glycol  animals  grew  less  rap- 
idly. Young  rats,  starting  at  21  to  28  days 
of  age,  lost  weight  and  died  in  a  few  days 
when  the  diet  contained  40,  50,  or  60%  of 
propylene  glycol.  When  young  rats  received 
diets  containing  comparable  amounts  of  gly- 
cerol, growth  was  depressed  and  some  animals 
eventually  died  but  the  majority  of  the  ani- 
mals survived  the  experimental  period.  Older 
(half  grown)  animals  were  able  to  tolerate  the 
higher  levels  of  propylene  glycol  but  their 
growth  responses  were  never  equal  to  those 
of  the  animals  receiving  comparable  amounts 

of  glycerol. 

When  rats  received  propylene  glycol  and 
glycerol  diets  during  alternate  weeks  (at  the 
30%  level),  growth  responses  were  generally 
increased  during  glycerol  periods  and  de- 
pressed during  propylene  glycol  periods.  While 
glycerol  diets  were  consumed  more  rapidly 
because  of  palatability,  calculations  show  that 
the  glycerol-fed  rats  made  greater  gains  per 
caloric  unit  of  food  intake.  No  differences 
could  be  noted  when  other  carbohydrates  re- 
placed corn  starch  in  the  basal  ration.  Livers 
from  glycerol-fed  rats  were  invariably  richer 
in  glycogen  than  livers  from  rats  receiving 
comparable  amounts  of  propylene  glycol. 

A  series  of  metabolism  studies  was  also  con- 
ducted in  which  groups  of  half-grown  rats 
were  fed  comparable  diets  containing  increas- 
ing amounts  of  glycerol  or  propylene  glycol 
during  alternate  weeks.  Without  exception, 
rats  excreted  in  their  urine  the  greatest  per- 
centage of  the  ingested  water,  the  greatest 
percentage  of  the  thiamine  intake,  and  the 
greatest  percentage  of  the  polyhydric  alcohol 
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intake  during  the  weeks  in  which  the  pro- 
pylene glycol-containing  diets  w^ere  fed.  At 
the  highest  level  of  intake,  more  than  25%  of 
the  ingested  propylene  glycol  was  accounted 
for  in  the  urine  while  in  no  instance  was  more 
than  1.5%  of  the  ingested  glycerol  accounted 
for.  This  finding  may  partially  explain  an 
earlier  observation  that  glycerol- fed  rats  made 
the  greatest  body  weight  gains  per  caloric  unit 
of  food  intake. 

While  those  groups  of  rats  receiving  the 
glycerol-containing  diets  gave  birth  to  a 
greater  number  of  litters  and  a  greater  number 
of  young  per  litter,  they  were  also  more  suc- 
cessful in  weaning  a  higher  percentage  of  the 
young  than  were  similar  groups  of  rats  sub- 
sisting on  comparable  propylene  glycol- 
containing  diets.  Reproduction  and  subse- 
quent rearing  of  young  were  abnormally  low 
with  all  groups  of  animals,  including  those  on 
the  purified  basal  ration.  An  attempt  was 
made  to  correct  this  situation  by  addition  of 
vitamin  and  mineral  supplements  without 
success.  Consequently,  further  attempts  to 
continue   reproduction   studies   with   purified 


diets  were  abandoned. 

Reproduction  studies  with  diets  composed 
of  the  breeding  colony  diet  (70%)  and  gly- 
cerol (30%)  or  propylene  glycol  (30%)  re- 
sulted in  some  very  significant  differences. 
Rats  which  have  received  the  glycerol- 
containing  diet  are  now  in  the  fifth  generation, 
while  second  generation  young  have  not  yet 
been  successfully  weaned  by  the  propylene 
glycol  fed  mothers.  A  more  extensive  series 
of  diets  which  contain  proteins,  minerals,  and 
vitamins  from  natural  food  sources  and  in 
which  part  of  the  energy  is  furnished  as  gly- 
cerol or  as  propylene  glycol  is  now  under 
investigation.  A  report  on  this  phase  of  the 
investigation,  together  with  the  details  of  the 
studies  herein  reported,  including  pathological 
findings,  will  be  forthcoming. 

The  concentrations  of  glycerol  and  pro- 
pylene glycol  in  some  of  these  diets  were  much 
greater  than  concentrations  ordinarily  in- 
gested, but  the  information  obtained  may 
have  a  pertinent  bearing  on  the  relative  tox- 
icity of  the  two  polyhydric  alcohols. 
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THE  FERMENTATION  OF  CIGAR-LEAF  TOBACCO  AS 
INFLUENCED  BY  THE  ADDITION  OF  YEAST 

By  M.  F.  Gribbins,  formerly  assistant  in  agricultural  and  biological  chemistry, 
D.  E.  Haley,  professor  of  soils  and  phytoohemistry,  and  J.  J.  Reid,  associate 
professor  of  l)acteriology,  Pennsylvania  Agricultural  Experiment  Station 

INTRODUCTION 

Tobacco  of  the  cigar-leaf  type  must  first  undergo  certain  periods 
of  fermentation  before  it  can  be  used  for  cigar  manufacture.  The 
chemical  changes  that  take  place  during  fermentation  involve,  among 
others,  a  loss  of  some  organic  compounds  and  the  synthesis  of  others 
with  the  final  result  that  the  aromatic  and  smoking  qualities  of  the 
leaf  are  markedly  improved. 

Many  theories  have  been  advanced  to  explain  the  nature  of  the 
fermentation  process.  Among  these  may  be  mentioned  the  bacterial 
theory  of  Suchsland  (i^),^  who  claimed  that  certain  micro-organisms 
have  the  power  of  acting  upon  leaf  constituents  and  developing  the 
characteristic  flavor  and  aroma  of  fermented  tobacco.  The  work  of 
Behrens  (i),  Vernhout  (IS),  and  Koning  (i)  tends  to  support  this 

theory. 

Apparently,  the  first  attempt  to  challenge  the  bacterial  theory  was 
made  by  Loew  {5).  who  stated  that  leaf  enzymes  rather  than  bac- 
teria provided  the  necessary  mechanism  of  fermentation.  For  a  long 
time  this  so-called  enzyme  theory  of  Loew's  supplanted  the  bacterial 
theory.  Recently,  however,  the  work  of  Johnson  (2)  has  revived 
the  bacterial  theory,  and  the  later  work  of  Reid  and  his  coworkers 
(6,  7,  8,  9,  10)  has  proved  conclusively  that  the  major  changes  m 
fermentation  are  brought  about  through  the  activity  of  certain  bac- 
teria which  usually  develop  in  large  numbers  during  the  fermenta- 
tion process,  and  that  leaf  enzvmes  play  only  a  suboi'dmate  role. 

The  development  of  the  micro-organisms  of  fermentatioi)  appears 
to  be  markedly  affected  bv  variations  in  the  composition  of  the  h'Jif. 
Some  of  these  variations^nav  occur  during  the  curing  process,  but 
they  may  also  be  due  in  large  measure  to  the  environmental  condi- 
tions under  which  the  plants  are  grown,  such  as  the  nature  of  the 
soil,  the  season,  and  certain  cultural  practices  which  include  the  addi- 
tion of  fertilizers.  In  some  cases  the  composition  of  the  leat  may 
be  of  such  a  nature  as  to  satisfy  the  nutrient  requirenients  ot  un- 
desirable rather  than  of  desirable  types  of  organisms.  If,  however, 
conditions  are  such  as  to  favor  the  latter,  the  former  do  not  appear 
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to  thrive.  It  seems  obvious,  therefore,  that  a  stimulation  of  the  de- 
sirable types  of  fermentation  organisms  should  aid  materially  in  ob- 
taining a  satisfactory  fermentation,  and  for  this  reason  an  effort 
was  made  as  herein  reported  to  obtain  such  a  condition  by  the  addi- 
tion of  a  material  high  in  growth-accessory  substances,  namely,  yeast, 
and  to  study  the  effect  of  such  a  treatment  upon  the  microflora  of 
the  leaves  during  the  preliminary  stages  of  fermentation.  No  direct 
action  of  yeast  on  the  fermentation  process  was  expected  as  Street 
{11)  had  shown  that  yeast  cells  live  but  a  short  time  after  they  are 
applied  to  leaf  surfaces. 

The  use  of  yeast  as  a  supplementary  treatment  of  cigar-leaf  tobacco 
prior  to  fermentation  was  first  introduced  by  Roller  {3)  in  1858,  and 
later  was  employed  by  other  European  workers.  Recently,  Street 
{11)  reported  on  the  use  of  yeast  in  the  fermentation  of  domestic  cigar- 
leaf  tobacco.  His  results  showed  that  the  temperature  rises  in  the 
earlier  stages  of  fermentation  were  greater  with  all  yeast  treatments 
than  when  water  alone  was  used  and,  furthermore,  that  yeast  treat- 
ment  produced  a  product  which  appeared  to  be  more  completely  fer- 
mented in  a  given  period  of  time  as  judged  by  appearance  and  smok- 
ing qualities  than  untreated  samples.  In  his  investigations,  however, 
he  gave  no  direct  consideration  to  the  effect  of  the  treatment  on  the 
microflora  of  the  leaves. 

PLAN  OF  THE  EXPERIMENTS  AND  MATERIALS  USED 

Preliminary  experiments  to  determine  the  effect  of  yeast  treatment 
on  the  fermentation  of  Pennsylvania  cigar-leaf  tobacco  were  first 
undertaken  on  representative  samples  of  the  1940  crop.  At  the  con- 
clusion of  these  experiments  similar  studies  were  conducted  on  repre- 
sentative samples  of  the  1941  crop.  For  this  work  representative 
samples  of  freshly  cured  tobacco  were  obtained  from  Landisville  and 
from  the  tobacco  experimental  laboratory  at  Eoseville,  Pa.,  on  De- 
cember 31, 1941. 

The  1941  crop  had  not  received  sufficient  rainfall  for  normal  develop- 
ment and  hence  may  be  termed  a  "dry-weather"  crop.  Tobacco 
produced  during  a  dry  season  is  usually  far  more  difficult  to  ferment 
than  that  produced  under  conditions  of  normal  and  well-distributed 
rainfall.  Moreover,  the  1941  tobacco  did  not  cure  well  owing  to  the 
dry  weather  which  prevailed  after  the  crop  was  harvested. 

In  preparing  samples  for  fermentation,  five  wooden  cases,  each  30 
inches  long,  9  inches  wide,  and  11.5  inches  deep  were  used.  Each  case 
held  40  pounds  of  tobacco  under  4G0-pound  pressure.  The  yeast, 
when  used,  was  applied  to  the  samples  in  the  form  of  a  10  percent 
aqueous  suspension  before  the  tobacco  was  placed  in  the  case,  and  at 
the  rate  of  0.75  percent  of  the  solid  content  of  the  weight  of  the 
tobacco.  This  quantity  had  been  found  in  previous  experiments  to 
have  no  deleterious  effect  on  the  aroma  of  the  tobacco.  The  yeast 
used  represented  a  moist,  freshly  prepared,  commercially  cultivated 
strain  of  Saccharormjces  cerevisiae  of  the  type  used  in  bread  baking. 

EXPERIMENT  1 

The  treatments  received  by  the  tobacco  both  in  the  field  and  in  the 
laboratory  are  presented  in  table  1.     The  tobacco  in  cases  4  and  5 


came  from  five  different  experimental  plots  at  the  tobacco  experimental 
laboratory,  8  pounds  from  each  plot  constituting  the  40  pounds. 

Table  1 . — Description  of  the  tobacco  samples  used  for  fermentation  studies 

(experiment  1) 


Case 
No.i 


Where  grown 


1 

2 

3 

4 

5 

4 

5 

4 

5 

4 

6 

4 

5 


Landisville. 

do 

do 

Roseville... 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Fertilizer  treatment 
of  crop 


Pounds 
per  acre 


Formula 


1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 


4-8-12 
4-8-12 
4-8-12 
3-9-24 
3-9-24 
3-9-12 
3-9-12 
3-6-12 
3-6-12 
3-9-18 
3-9-18 
3- 12-12 
3-12-12 


Supple- 
mentary 
laboratory 
treatment 


Control. 
Yeast. 
Do. 
Control. 
Yeast. 
Control. 
Yeast. 
Control. 
Yeast. 
Control. 
Yeast. 
Control. 
Yeast. 


1  The  tobacco  used  in  cases  1  and  2  was  from  Kreider  seed,  that  in  case  3  from  Kreider  and  Swarr  seed 
mixed,  and  that  in  cases  4  and  5  from  seed  of  a  Swarr-Hibshman  strain. 

The  tobacco  was  uniformly  sprayed  with  water  or  yeast  suspension 
and  then  exposed  to  the  air  for  24  hours.  At  the  end  of  that  period 
samples  were  taken  for  biological  analysis.  The  results,  representing 
the  average  of  at  least  three  samples  m  every  case,  are  pres^nited  in 
table  2.  In  these  and  similar  studies  the  bacteriological  technique 
employed  was  that  described  by  Reid,  McKinstry,  and  Haley  {9), 

Table  2.— Microflora  of  the  tobacco  before  fermentation,  moist  lire- free  basis 

(experiment  1) 


Sample  No. 


Organisms  per  gram  of  tobacco 


Bacteria 


1... 
2.. 
3.. 
4.. 

6.. 
6.. 
7.. 
8-. 
9- 
10. 
11. 
12. 
13. 


Million 
0. 
4. 
1. 
3. 


2. 


4. 


Molds 


Thousand 
80 
242 
26 
66 
34 
72 
95 
50 
57 
32 
67 
72 
30 


Yeasts  and 

yeastlike 

organisms 


Nature  and  distribution  of  bacteria 


Cocci 


Rods 


Gram— 


Thousand 

20 
3,500 
2,800 

95 
1,300 

20 
5,200 

30 
13,200 

40 
16,300 

260 
7,900 


Percent 

55 

84 

100 

100 

0 

0 

50 

0 


Percent 

45 

16 

0 

0 

50 

100 

50 

100 


Gram-f- 


Percen 


0 

0 

0 

33 


50 
33 
50 
33 


0 
0 
0 
0 
BO 
0 
0 
0 


60 
67 
50 
33 


When  the  tobacco  was  placed  in  the  f^™^"tation  chamb^^^       ther 
monieter  was  inserted  in  the  center  ot  each  case,    fh^  ^^"te'^^  «*  ^ «^f 
?and  5  were  occupied  by  samples  8/"^  9,Jf  ^  f  e^^  J^^^^ 
in  temperature  noted  are  presented  m  table  3-    An  effoit  ^as  ma^e 

to  obtain  an  environmental  temperature  of  72  fhi^  teniDLturrcoud 
mechanical  difficulties  were  experienced  before  this  temperature  couia 

be  attained  and  stabilized. 


376 


Jowrnal  of  Agricultural  Research 


Vol.  69.  No.  9 


A  humidity  of  75  percent  was  maintained  for  the  first  27  days  of 
fermentation.  At  the  end  of  that  period  the  temperature  was  in- 
creased approximately  20°  F.,  and  the  humidity  was  raised  to  80  per- 
cent. On  the  71st  day  of  fermentation,  the  temperature  was  lowered 
to  approximately  80°  F.  and  the  humidity  to  75  percent. 

On  the  93d  day  the  tobacco  was  removed  from  the  cases  and  aerated. 
Samples  were  taken  at  that  time  from  each  case  for  obtaining  the 
iudo-ment  of  a  leaf  expert  in  respect  to  its  quality  and  the  extent  of 
this^  preliminary  phase  of  fermentation.  The  remainder  was  re- 
moistened  and  an  effort  was  made  to  approximate  32  percent  moisture 
in  all  samples.  The  tobacco  was  then  placed  in  the  original  cases  and 
returned  to  the  fermentation  chamber. 

Table  Z— Relation  of  yeast  treatment  to  the  temperature  changes  of  fermenting 

cigar-leaf  tobacco  {experiment  1) 


Interval  (days) 


1.... 
2— . 
3.... 
4.-.. 
5... 
6-.. 
7--- 
8— . 
9... 
10... 
12.. 
14... 
16.. 
18... 
20.. 
25.. 
30.. 
40.. 
50.. 
60.. 
70.. 
80.. 
90_. 
100- 
110. 
120. 


Room  tem- 
perature 


75 
68 
72 
72 
72 
72 
72 
72 
72 
72 
73 
71 
71 
72 
72 
71 
92 
89 
89 
60 
91 
80 
80 
80 
80 
80 


Degrees  above  room  temperature  in— 


Case  1 


7 
13 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
4 
4 
1 
4 
4 
3 
2 
1 
0 
6 
5 
6 


Case  2 


Case  3 


Case  4 


°F. 


9 

20 

14 

16 

15 

15 

14 

13 

12 

11 

8 

8 

7 

5 

4 

4 

3 

4 

3 

2 

1 

1 

1 

6 

6 

5 


'F. 


6 

14 

12 

15 

16 

16 

17 

17 

17 

16 

14 

13 

11 

7 

6 

3 

3 

3 

6 

4 

3 

2 

1 

2 

2 

2 


Case  5 


'F. 


6 

5 

6 

6 

6 

8 

10 

11 

11 

13 

15 

16 

14 

11 

^ 

t 

5 
5 
5 
5 
4 
4 
4 
3 
9 
6 
4 


'F. 


15 

16 

18 

18 

18 

17 

18 

18 

18 

16 

15 

14 

12 

9 

6 

7 

6 

7 

8 

5 

4 

3 

3 

6 

4 

4 


When  the  tobacco  was  removed  from  the  cases  and  reconditioned 
following  the  92d  day  of  fermentation,  an  opportunity  was  afforded 
for  studying  the  microflora  of  the  individual  samples  hsted  in  table 
1.    The  results  obtained  are  presented  in  table  6. 

Table  A.— Moisture  content  of  the  tobacco  samples  before  and  during  fermenta- 
tion (experiment  1) 


Moisture  content  after  fermentation— interval  (days) 

Case  No. 

0 

12 

19 

64 

70 

92 

1          

Percent 
29.3 
35.0 
29.2 
22.2 
22.4 

Percent 
29.2 
33.4 
28.1 
22.1 
22.3 

Percent 
29.2 
32.1 
27.0 
22.0 
22.2 

Percent 
'     29.0 
35.1 
32.8 
23.8 
24.3 

Percent 
30.7 
33.7 
31.3 
26.0 
28.8 

ji 

Percent 
27.3 
32.9 
30.1 
25.6 
28.9 

2             

3                 

4 .- 

6          
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Table  5. — Number  and  kind  of  organisms  on  samples  of  tobacco  taken  from  cases 
at  different  intervals  during  the  fermentation  period  {experiment  1) 


Case 
No. 

Organisms  per  gram  of  tobacco 

Nature  and  distribution  of  bacteria 

Interval  (days) 

Bacteria 

Molds 

Yeastlike 
organisms 

Cocci 

Coccoid 
forms 

Rods 

Gram— 

Gram+ 

# 

f     1 

2 
3 
1 
2 
3 
3 
4 
6 
1 
2 
3 
4 
5 

r    1 

2 

i      3 
4 

I      5 

f      1 
2 

•       3 
4 

I      5 

Million 

180 

2,390 

1,250 

110 

2,400 

95 

21 

4 

5.2 

-       1, 900 

1,500 

330 

4.6 

5.4 

1,230 

410 

820 

5 

700 

995 

560 

1,100 

1,300 

2,110 

Thousand 

300 

500 

760 

18 

49 

6,500 

480 

285 

800 

6 

3 

780 

25 

3,400 

4 

.8 
37 
9 

270 
7 

(0 
6 

30 
21 

Thousand 

Percent 
100 
100 

Percent 

Percent 

Percent 

12             

1,000 
1,100 

100 

100 

100 
87 
40 
44 

100 
79 
79 
95 
90 

100 

100 
84 
84 

100 
89 
91 

100 
95 
91 
95 

19 

1,000 

500 

4,500 

2,200 

4,000 

0 

22 

800 

110 

2,000 

0 

3 

12 

1,800 

40 

60 

30 

3 

67 
680 

4 

9 

60 
28 

27 

28 

21 

21 

5 

10 

0 

0 

16 

16 

0 

11 

9 

0 

5 

9 

6 

35 

'U 

o^ 

70 

«U ._------ . 

I  Trace. 


Samples  of  tobacco  were  taken  by  means  of  borings  made  into  the 
center  of  the  cases  as  the  fermentation  progressed.  Moisture  determi- 
nations were  made  on  these  samples  before  they  were  placed  in  the 
case,  and  on  the  12th,  19th,  54th,  70th,  and  92d  day  of  fermentation. 
The  results  obtained  are  given  in  table  4. 

Samples  removed  from  cases  at  different  intervals  were  analyzed 
to  determine  the  number  of  organisms  and  the  nature  of  those  pre- 
dominating.    The  results  are  given  in  table  5. 

Table  Q,— Number  and  kind  of  organisms  on  the  leaves  of  the  13  original  sam- 
ples of  tobacco  at  the  end  of  the  92d  day  of  fermentation     ^^^^ 


Sample 
No. 


Case 
No. 


Organisms  per  gram  of  tobacco 


Supplementary 
treatment 


1... 
2... 
3... 
4... 
5... 
6... 
7... 
8... 
9-.. 
10.. 
11.. 
12.. 
13.. 


1 

2 
3 
4 
5 
4 
5 
4 
6 
4 
6 
4 
6 


Control 
Yeast -- 

do-- 

Control 
Yeast- - 
Control 
Yeast -- 
Control 
Yeast- - 
Control 
Yeast-. 
Control 
Yeast -- 


Bacteria 


Molds 


Yeastlike 
organisms 


Nature  and  distribu- 
tion of  bacteria 


Cocci 


Coccoid 
forms 


Million 
590 
720 
740 
220 
930 

1,060 
420 
680 
510 

1,380 
650 
670 

1,960 


Thousand 
< 


Thousand 

<1 
<1 
<1 

310 

<1 

28 

<7J 

<1 
570 

96 

107 

<1 


Percent 
87 
63 
93 
93 
87 
87 
80 
63 
87 
87 
93 
100 
80 


Percent 


13 

37 

7 

7 

13 

13 

20 

37 

13 

13 

7 

0 

20 
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Tests  conducted  prior  to  fermentation  indicated  a  good  burn  in 
the  tobacco  making  up  cases  1,  2,  and  3 ;  the  burn  of  the  tobacco  in 
cases  4  and  5  was  chissed  as  fair.  In  every  instance,  however,  the 
aroma  was  classed  as  poor. 

The  samples  of  tobacco  taken  at  the  end  of  the  92d  day  of  fermenta- 
tion and  submitted  to  the  judgment  of  an  expert  on  cigar-leaf  tobacco 
yielded  the  results  shown  in  table  7. 

Table  1.— Burning  quality,  aroma,  and  fermentation  of  samples  of  tobacco  on 
the  92d  day  of  fennentation,  as  judged  hy  an  expert  on  cigar-leaf  toMcco 


Case 


1. 
2. 
3. 
4. 
5. 


Bum 


Good-. 

do. 

do. 

Fair... 

Good.. 


Aroma 


Poor 

Fair 

Very  mild 

Poor 

Good 


Degree  of  fermentation 


Not  pronounced. 

Fair  to  good. 

Very  good;  best  of  all  samples  tested. 

Not  pronounced. 

Good;  second  only  to  sample  3. 


EXPERIMENT  2 

At  the  conclusion  of  the  first  experiment  a  second  and  somewhat 
similar  experiment  was  instituted.  For  this  experiment  two  cases  were 
filled  with  cured  tobacco  from  the  southern  part  of  Lancaster  County 
and  two  with  tobacco  from  the  laboratory  at  Roseville.  The  Roseville 
tobacco  came  from  duplicates  of  the  plots  from  which  the  tobacco  used 
in  cases  4  and  5  of  experiment  1  had  been  obtained.  All  these  samples 
had  been  kept  in  bales  for  4  months  longer  than  those  of  experiment  1. 

An  effort  was  made  to  approximate  a  28-percent  moisture  content 
and  to  maintain  a  humidity  of  75  percent  and  a  temperature  in  the 
fermentation  chamber  of  80°  F.  The  experiment  was  started  on  May 
2,  1942.  As  in  the  first  experiment,  samples  were  taken  for  analysis 
after  the  yeast  and  moisture  treatment  and  before  the  tobacco  was 

placed  in  the  cases.  ^        £ 

A  description  of  the  samples  is  given  in  table  8  and  the  results  ot 
the  initial  study  of  leaf  organisms  are  presented  in  table  9.  The  tem- 
perature changes  as  influenced  by  yeast  treatment  are  shown  in 
table  10. 

Table  S.— Description  of  the  tobacco  samples  used  for  fermentation  studies 

{experiment  2) 


Sample  No. 


Case  No. 


Fertilizer  treatment 
of  crop 


20-- 

21-- 

22. 

23-. 

24-- 

25-. 

26.. 

27.. 

28-. 

29.- 

30.. 

31.- 


11 
12 
13 
14 
13 
14 
13 
14 
13 
14 
13 
14 


Pounds 
per  acre 


1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 


Formula 


4-  8-12 
4-  8-12 
3-  9-18 
3-  9-18 
3-12-12 
3-12-12 
3-  9-24 
3-  9-24 
3-  6-12 
3-  6-12 
3-  9-12 
3-  9-12 


Supplementary 
laboratory 
treatment 


Control. 

Yeast. 

Control. 

Yeast. 

Control, 

Yeast. 

Control. 

Yeast. 

Control. 

Yeast. 

Control. 

Yeast. 
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'I'ABLE  9. — Microflora  of  the  tobacco  before  fermentation,  moisture-free  basis 

(experiment  2) 


Case 
No. 

Organisms  per  gram  of  tobacco 

Nature  and  distribution  of  bacteria 

Sample  No. 

Bacteria 

Molds 

Yeasts  and 
yeastlike 
organisms 

Cocci 

Coccoid 
forms 

Oram— 

Gram  4- 

1 
20 

11 
12 
13 
14 
13 
14 
13 
14 
13 
14 
13 
14 

Million 

0.8 

2.2 

.8 

7.7 

.7 

.7 

1.2 

1.3 

.3 

9.2 

.1 

.7 

Thousand 

91 

950 

9 

110 

540 

131 

25 

410 

13 

58 

30 

90 

Thousand 

1 

520 

53 

4,900 

470 

1,400 

760 

3,200 

15 

8,400 

36 

4,100 

Percent 

83 

91. 

100 

100 

80 

100 

90 

100 

100 

100 

100 

100 

Percent 

17 

9 

Percent 

Percent 

21 - 

22-.-     .- -_- 

23 - --- 

24...     

10 

10 

25 - 

26- - 

10 

27 

28  ..     

29 

30 

31 

Table  10. — Relation  of  yeast  treatment  to  the  temperature  changes  of  fermenting 

cigar-leaf  tobacco  {experiment  2) 


1... 

2... 
3... 
4... 
5... 
6... 
7... 
8... 
9... 
10.. 
12.. 
14.. 
16.. 
18.. 
20.. 
25.. 
30.. 
40.. 
50.. 
60., 
70.. 
80., 
90.. 
100. 
110. 
120. 


Interval  (days) 


Room 
tempera- 
ture 


*F. 


81 
81 
80 
80 
80 
80 
80 
80 
80 
80 
81 
80 
80 
80 
80 
80 
80 
80 
81 
80 
80 
80 
80 
80 
80 
80 


Degrees  above  room  temperature  in- 


Case  11 


'F. 


3 
5 
7 
8 
9 
9 
9 
9 
9 
8 
7 
7 
t 

5 
5 
5 
5 
5 
3 
3 
2 
2 
2 
1 
0 
0 


Case  12 


Case  131 


Case  14  i 


'F. 


11 

12 

15 

16 

17 

17 

16 

15 

12 

10 

9 

9 

8 

6 

6 

6 

7 

7 

4 

3 

2 

1 

1 

0 

0 

0 


'F. 


4 
4 

i 

e 

7 
6 
S 
6 
6 
• 
4 
4 
4 
4 
ft 
t 
% 
2 
I 
1 
1 
0 
0 


O  E< 


F. 


4 

4 

11 

13 

14 

14 

13 

11 

10 

7 

6 

6 

i 

I 

i 
« 

! 

0 
0 
0 
0 
0 
0 


1  The  center  of  cases  13  and  14  was  occupied  by  samples  26  and27  respectively. 

Samples  were  removed  from  the  four  cases  on  the  18th  and  38th 
day  of  fermentation  and  were  analyzed  to  determine  the  number  ot 
organisms  and  the  nature  of  those  predominating.  Ihe  results  are 
presented  m  table  11. 
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Table  9.— Microflora  of  the  tohaeco  "before  fermentation,  moisture-free  hosts 
cases  at  different  intervals  dtmng  the  fermentation  period  (experiment  2) 
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Case 
No. 

Moisture 

Organisms  per  gram  of  tobacco 

Nature  and  dis- 
tribution of  bac- 

Interval (days) 

Bacteria 

Molds 

Yeastlike 
organ- 
isms 

teria 

Cocci 

Coccoid 
forms 

18      

f       11 

12 

1        13 
l       14 

f       11 
12 

1        13 
I        14 

Percent 
24.2 
25.9 
24.7 
28.0 
25.0 
28.1 
23.7 
30.8 

Million 

2.4 

600 

400 

2,700 

1,270 

2,900 

1.390 

1,790 

Thousand 

68 

7 

20 

27 

1^ 

4 
<1 

Thousand 

<1 

8,400 

.  ,    4,000 

5,100 

210 

8 

109 

3 

Percent 

93 

87 

100 

93 

100 

100 

100 

73 

Percent 
7 
13 
0 

38 

T 
0 

0 
0 

27 

Tests  conducted  before  fermentation  showed  that  the  tobacco  mak- 
ing up  cases  11  and  12  possessed  a  ^ood  burn  but  poor  aroma  while  the 
tobacco  making  up  cases  13  and  14  possessed  a  fair  burn  and  poor 
aroma.  Examination  of  these  particular  samples,  after  120  days  ot 
fermentation,  indicated  an  improvement  in  both  burn  and  aroma  as 
a  result  of  the  yeast  treatment,  paralleling  the  resuUs  obtained  m 
experiment  1. 

DISCUSSION  OF  RESULTS 

The  addition  of  yeast  to  cigar-leaf  tobacco  under  the  conditions  of 
the  experiments  herein  described  was  reflected  in  a  relatively  high 
initial  increase  in  temperature  during  the  preliminary  stages  of  fer- 
mentation, as  indicated  in  tables  3  and  10. 

An  examination  of  the  samples  receiving  yeast  showed  the  presence 
of  a  number  of  true  yeasts  24  hours  after  treatment,  but  no  other 
occasion  of  sampling  was  the  presence  of  these  organisms  noted.  On 
all  samples,  however,  the  presence  of  certain  yeastlike  organisms  was 
observed,  whether  or  not  the  samples  were  treated  with  yeast. 

The  number  of  these  organisms  was  definitely  increased  as  a  result 
of  yeast  treatment,  which  appeared  to  be  beneficial  to  the  fermentation 
process.  Entirely  different  yeastlike  organisms  were  first  noted  on 
samples  taken  from  the  cases  used  in  experiment  1  at  the  end  of  the 
92d  dav  of  fermentation.  In  this  instance,  however,  the  addition  of 
yeast,  on  the  whole,  appeared  to  be  antagonistic  to  the  development 
of  these  particular  organisms. 

The  experiments  to  determine  the  influence  of  yeast  treatment  on  the 
bacterial  flora  of  the  tobacco  samples  yielded  somewhat  erratic  results. 
Owing  to  the  differences  ordinarily  prevailing  in  the  chemical  com- 
position of  the  leaves  and  the  difficulties  encountered  in  obtaining 
uniform  samples,  this  was  to  be  expected.  On  the  whole,  however, 
the  addition  of  yeast  resulted  in  an  increase  in  the  number  of  bacteria 
during  the  preliminary  stages  of  fermentation.  With  but  few  excep- 
tions, a  high  bacterial  count  was  paralleled  by  a  low  mold  content, 
which  is  considered  highly  desirable.  There  appeared  to  be  little, 
if  any,  increase  in  mold  development  as  a  result  of  yeast  treatment. 


SUMMARY  AND  CONCLUSIONS 

The  results  of  fermentation  studies  dealing  with  the  application 
of  bakers'  yeast  to  Pennsylvania  cigar-leaf  tobacco  of  the  1940  and 
1941  crop  are  presented.     The  following  conclusions  seem  justified : 

(1)  Initial  temperature  gains  were  greater  with  all  yeast- 
treated  tobacco  under  the  conditions  of  these  experiments. 

(2)  The  addition  of  yeast  stimulated  the  development  of 
organisms  considered  necessary  to  the  fermentation  process. 

(3)  A  more  rapid  initial  fermentation  was  evidenced  in  the 
case  of  the  yeast-treated  samples. 
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INFORMATION  gained  from  chick 
feeding  trials  with  various  protein  con- 
centrates is  of  immediate  practical  im- 
portance to  poultrymen.  Knowledge  of 
the  relative  growth-promoting  properties 
of  the  commercial  protein  materials,  in- 
dividually as  well  as  in  combination,  is 
useful  in  formulating  the  most  economical 
and  efficient  ration  under  any  particular 
set  of  conditions. 

From  time  to  time  there  become  avail- 
able commercially  new  high-protein  prod- 
ucts which  may  be  useful  in  poultry  feed- 
ing. Actual  feeding  tests  under  controlled 
conditions  are  desirable  before  acceptance 
or  rejection  of  such  products  by  poultry- 
men. 

A  commercial  grade  of  lactalbumin  is 
now  available  which  has  a  protein  content 
of  about  40  percent  and  an  ash  content  of 
about  30  percent.  This  protein  concen- 
trate would  be  useful  in  poultry  rations  if 
it  should  prove  to  contain  protein  of 
good  quality  and  mineral  content  that  is 

not  harmful. 

Lactalbumin  itself  has  been  recognized 
as  a  protein  of  high  nutritive  value  since 
the  extensive  early  investigations  by  Os- 
borne and  Mendel  (1919  and  1924).  Kik 
(1938)  recently  reported  that  lactalbumin 
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has  a  higher  biological  value  than  casein. 
Nevertheless,  the  practical  value  of  com- 
mercial lactalbumin  in  poultry  rations 
can  be  best  determined  by  feeding  trials 
with  poultry. 

EXPERIMENTAL 

This  paper  is  a  report  of  investigations 
on  the  growth  promoting  properties  of 
commercial  grade  lactalbumin  in  different 
combinations  with  meat  scraps  and  with 
soybean  oil  meal.  Lactalbumin  is  a  by- 
product of  the  manufacture  of  beta  lac- 
tose and  is  prepared  by  heat  coagulation 
(pH  6.7   at   180  to   195°F.)   from   whey 
following  hydrochloric  acid  precipitation 
of  the  casein   (pH  4.2)   from  the  milk. 
Meat  scraps  was  chosen  because  it  is  one 
of  the  most  widely  used  animal  protein 
concentrates  in  poultry  rations,  and  soy- 
bean oil  meal  because  it  is  one  of  the  most 
important    plant    protein    concentrates, 
becoming  steadily  more  abundant. 

The  objects  were  to  determine  (1)  if 
the  lactalbumin  could  be  used  in  starting 
rations,  (2)  if  a  supplementary  relation- 
ship existed  between  lactalbumin  and 
meat  scraps  or  soybean  oil  meal,  and,  if 
so,    (3)    the    ratio-promoting    maximum 

growth. 

Relative  growth  of  chicks  to  eight 
weeks  of  age  was  taken  as  the  criterion 
for  comparison.  Rations  containing  21 
percent  protein  were  used  to  obtain  data 
under  conditions  of  maximum  growth. 
Since  more  economical  growth  is  usually 
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obtained  by  the  commercial  poultrymen 
with  lower  levels  of  protein,  one  experi- 
ment was  conducted  with  diets  containing 
18  percent  protein. 

In  each  experiment,  groups  of  chicks 
selected  for  uniformity  of  body  weight 
were  wing-banded,  placed  in  electrically 
heated,  wire  starting  batteries  and  fed  the 
experimental  diets  to  eight  weeks  of  age. 
The  chicks  were  individually  weighed  at 
seven-day  intervals.  Management  and 
other  details  were  kept  as  uniform  as 
possible  from  group  to  group. 

A  commercial  type  of  all-mash  starting 
ration  modified  to  contain  one  source  of 
animal  protein  was  selected  for  this  work. 
Five   percent   brewers'   dried   yeast   was 
included  to  insure  that  each  experimental 
diet  contained  sufficient  amounts  of  the 
water-soluble  vitamins,  regardless  of  the 
quantities  of  lactalbumin,  meat  scraps  or 
soybean  oil  meal  present.  A  second  reason 
for  inclusion  of  yeast  in  the  basal  diet  was 
that  it  is  a  good  source  of  choline  which  is 
a  nutritive  essential  for  chickens  and  for 
some  species  is  required  for  normal  metab- 
olism   of    the    sulfur    containing    amino 
acids  present  in  the  protein  concentrates 
under  investigation  (Mulford  and  Griffith, 
1942).   Eight  ingredients  of  this  ration, 
which  were  kept  the  same  in  aJJ  diets,  con- 
stituted the  following  basal  mixture: 

Basal  Mixture 


Wheat  bran 
Wheat  middlings 
Ground  oats 
Alfalfa  meal 
Brewers'  dried  yeast 
400-D  fish  liver  oil 
Sodium  chloride 
Manganese  sulfate 

Total 


u 

15 
10 

7.5 
5 

0.5 
0.5 


lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 


0.014  lbs. 
53.514  lbs. 


The  remaining  46.5  pounds  of  each  ex- 
perimental diet  consisted  of  ground  yellow 
corn  and  meat  scraps  or  lactalbumin,  or 
different  combinations  of  meat  scraps  and 
lactalbumin.  Soybean  oil  meal  was  used  in 


place  of  meat  scraps  in  the  tests  for  sup- 
plementary action  between  soybean  oil 
meal  and  lactalbumin.  The  protein  level 
in  all  diets  in  each  experiment  was  kept  as 
uniform  as  possible. 

A.  Lactalbumin  and  Meat  Scraps 

Experiment  1. — In  the  first  experiment 
lactalbumin  replaced  meat  scraps,  unit 
weight  for  unit  weight,  in  the  diets.  Rela- 
tively uniform  protein  and  mineral  rela- 
tionships were  maintained  without  ad- 
justment of  other  constituents  of  the  diet, 
due  to  the  similar  composition  of  these 
products,  as  indicated  by  the  following 
percentage  values  which  were  determined 
by  chemical  analyses: 


Protein         Ash 

Lactalbumin    46.64        28.56 
Meat  scraps     44 .  28        28.76 


Calcium     Phos- 
phorus 


9.98 
9.81 


2.74 
2.60 


It  will  be  noted  that  the  meat  scraps 
was  particularly  low  in  protein,  notwith- 
standing the  factthat  it  was  a  standard 
commercial  product,  normal  in  appearance 
and  odor,  bought  on  the  local  market  and 
carrying  a  minimum  protein  guarantee  of 
fifty  percent. 

The  ^v^  diets,  listed  in  Table  1,  were 
fed  to  Single  Comb  White  Leghorn  chicks 
from  one  day  to  eight  weeks  of  age.  Criti- 
cal examination  of  the  complete  growth 
curves  of  the  groups  of  chicles  in  this  and 
the  following  experiments  showed  that 
the  eight-week  body  weights  indicated 
accurately  the  relative  performance  on 
the  different  diets.  Accordingly,  the  mean 
weights  at  eight  weeks  of  age  are  reported 
in  each  experiment. 

Growth  data  in  experiment  1  (Table  2) 
indicated  that  the  protein  from  lactal- 
bumin was  better  utilized  by  males  than 
the  protein  from  meat  scraps.  The  occur- 
rence of  highest  growth  on  diet  4  with 
both  sexes  suggests  mutually  supplemen- 
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Ingredient 


Diet  1 


Basal  mixture 
Ground  yellow  corn 
Lactalbumin 
Meat  scraps 
Riboflavin 


Total  Protein  (calc.) 
Protein  supplied  by  Lactalbumin  and 
Meat  scraps 

Protein  Ratio*  .^^ 

MS 


53.5 

53.5 

53.5 

53.5 

53.5 

26.5 

26.5 

26.5 

26.5 

26.5 

0.0 

5.0 

10.0 

15.0 

20.0 

20.0 

15.0 

10.0 

5.0 

0.0 

0.0004 

0.0004 

0.0004 

0.0004 

0.0004 

20.8 

20.9 

21.0 

21.1 

21.2 

8.9 

9.0 

9.1 

9.2 

9.3 

0 

26 

51 

76 

100 

100 

74 

IS 

24 

0 

*  Ratio  of  lactalbumin  protein  (L)  to  meat  scraps  protein  (MS). 


tary  action  between  lactalbumin  and 
meat  scraps.  This  supplementary  action 
seemed  to  be  greatest  with  a  relatively 
high  proportion  (76  percent)  of  lactal- 
bumin protein. 

Higher  efficiency  of  feed  utilization 
with  increase  in  body  weight  is  indicated  in 
Table  2.  The  values  are  given  in  terms  of 
weight  of  feed  per  unit  weight  of  gain.  The 
high  rate  of  growth  on  diet  4  was  made 
with  the  highest  feed  efficiency.  The  data 
indicate  that  the  increased  growth  rate 
resulted  from  higher  feed  efficiency  rather 
than  from  proportionately  higher  feed  in- 
take. 


and  the  following  experiments  was  materi- 
ally lower  in  protein  content  than  the  first 
sample.  Meat  scraps,  purchased  on  the 
local  market  like  that  used  in  experiment 
1,  was  higher  in  protein  content  as  indi- 
cated by  the  following  comparative 
analyses  expressed  as  percent: 

Protein         Ash       Calcium    Phos- 
phorus 

Lactalbumin    40.25        28.98        9.85        4.05 
Meat  scraps     49.56        27.98        9.34        4.57 

Because  of  the  difference  in  protein  con- 
tent between  meat  scraps  and  lactal- 
bumin, these  concentrates  were  included 
in  the  diets  in  such  quantities  as  to  supply 


Table  2. — Mean  body  weights  (±S.E.)*  at  eight  weeks  of  age  and  feed  efficiencies  of 

Single  Comb  White  Leghorns  in  experiment  1 


Diet 

Body 
Males 

weight 

Females 

Feed 
efficiency 

1 
2 
3 

4 
5 

No. 
9 
9 
7 
7 
9 

Grams 
592.4  +  27.1 
600.2±37.7 
616.3  +  28.7 
652.1±27.2 
614.4±39.5 

No. 
6 
6 
8 
8 
6 

Grams 
493.2  +  15.8 
560.5  +  14.6 
577.0+18.2 
591.6+10.4 
493.5  +  13.3 

Feed/gain 
4.32 
4.55 
4.34 
4.19 
4.28 

♦  S.E.  is 

abbreviation  for  standard  error. 

» 

1 

• 

Experiment  2.— In  this  experiment 
Barred  Rock  chicks  were  used  to  deter- 
mine whether  or  not  this  breed  would  re- 
spond the  same  as  the  White  Leghorns. 
The  lot  of  lactalbumin  available  for  this 


a  total  of  nine  pounds  of  crude  protein  per 
100  pounds  of  diet.  The  various  combina- 
tions were  made  up  on  the  basis  of  unit 
weight  of  protein  rather  than  unit  weight 
of  concentrate. 
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Table  3. — Composition  on  a  percentage  basis  of  diets  in  experiment  2 


Ingredient 

Diet  6 

7 

8 

9 

10 

Basal  mixture 
Ground  yellow 
Lactalbumin 
Meat  scraps 

'  corn 

53.5 
28.34 
0.0 
18.16 

53. 

27 

5 

13 

5 

29 
59 
62 

53.5 
26.24 
11.18 
9.08 

53.5 
25.19 
16.77 
4.54 

53.5 
24.14 
22.36 
0.0 

Total  Protein 

(Chem. 

anal.) 

20.75 

21. 

13 

20.94 

20.69 

20.63 

Protein  Ratio 

L 
MS 

0 
100 

25 

75 

50 
50 

IS 
25 

100 
0 

Five  diets  similar  to  those  used  in  ex- 
periment 1  were  prepared  according  to  the 
formulae  in  Table  3  and  fed  to  Barred 
Rock  chicks  from  day-old  to  eight  weeks 
of  age. 

Results     in     this     experiment,    using 


mentary  action  between  lactalbumin  and 
meat  scraps  is  again  evident,  especially 
with  the  males.  Growth  of  the  males  in 
particular  was  highest  with  the  diet  hav- 
ing a  high  proportion  of  lactalbumin  (diet 
9). 


Table  4. — Mean  body  weights  (±S.E.)  at  eight  weeks  of  age  and  feed  efficiencies  of  Barred  Rocks 

in    experiment  2 


Diet 


Body  weight 


Males 


Females 


Feed 
efficiency 


6 

7 
8 
9 

10 


No. 

Grams 

7 

754.7±72.6 

6 

836.2  +  59.2 

11 

872.4  +  34.5 

7 

927.6+42.2 

6 

846.8  +  39.5 

No. 
6 
7 
3 
8 
9 


Grams 
675.8  +  34.3 
737.1+25.0 
721.7+35.4 
736.5±33.8 
729.8  +  23.4 


Feed/gain 
2.73 
2.55 
2.75 
2.48 
2.60 


Barred  Rocks,  checked  quite  closely  the 
results  in  the  first  experiment,  in  which 
White  Leghorns  were  used.  Growth  of 
both  sexes  of  Barred  Rocks  was  higher 
with  lactalbumin  (diet  10)  than  with  meat 
scraps  (diet  6)  as  the  only  protein  concen- 
trate in  the  diet.  The  mutually  supple- 


Data  on  feed  efficiency  show  that  the 
lactalbumin  diet  (10)  was  utilized  more 
efficiently  than  the  meat  scraps  diet  (6). 
The  still  higher  efficiency  on  two  of  the 
three  intermediate  diets  is  further  evidence 
for  mutually  supplementary  action  be- 
tween lactalbumin  and  meat  scraps. 


Table  5. — Composition  on  a  percentage  basis  of  diets  in  experiment  3 


Ingredient 

Diet  14 

15 

9 

16 

17 

18 

19 

10 

Basal  mixture 
Ground  yellow  corn 
Lactalbumin 
Meat  scraps 
Total  Protein 

53.5 
25.61 
14.53 
6.36 

53.5 
25.40 
15.65 
5.45 

53.5 
25.19 
16.77 
4.54 

53.5 
24.98 
17.89 
3.63 

53.5 
24.77 
19.01 
2.72 

53.5 
24.56 
20.12 
1.82 

53.5 
24.35 
21.24 
0.91 

53.5 
24.14 
22.36 
0.0 

(Chem.  anal.) 

21.44 

21.25 

21.38 

21.06 

21.31 

21.25 

21.13 

21.31 

Protein  Ratio  r^r; 
Mb 

65 

35 

70 
30 

75 
25 

80 
25 

85 
15 

90 
10 

95 

5 

100 
0 
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Experiment  J.— In  this  trial  the  object 
was  to  determine  more  accurately  the 
lactalbumin-meat  scraps  ratio  giving  the 
maximum  growth.  The  lactalbumin  and 
meat  scraps  were  taken  from  the  same  lots 
previously  used  in  experiment  2. 


the  test  diets  was  begun  the  eighth  day  of 
age. 

In  view  of  the  previous  results,  a  curvi- 
linear relationship  would  be  expected  to 
exist  between  the  percent  lactalbumin 
protein  and  the  eight  week  body  weights. 


Table  6.— Mean  body  weights  i±S.E.)  at  eight  weeks  of  age  and  feed  efficiencies  of  Barred  Rocks 

in  experiment  3 


• 

Body 

weight 

Diet 

— __ 

Feed 

• 

Males 

Females 

efficiency 

No. 

Grams 

No. 

Grams 

Feed/gain 

14 

9 

786.8  +  31.6 

7 

719.4  +  34.8 

2.68 

15 

8 

777.1+50.8 

8 

767.5  +  20.8 

2.63 

9 

9 

827.8  +  31.1 

7 

•      799.0+45.5 

2.57 

16 

7 

898.4+41.4 

9 

777.7  +  21.8 

2.40 

17 

9 

824.7  +  36.7 

7 

769.0  +  23.9 

2.62 

18 

7 

900.3+49.4 

9 

755.4  +  27.1 

2.49 

19 

7 

711.8  +  36.0 

8 

714.8+19.2 

2.71 

10 

9 

797.8  +  32.7 

7 

750.3  +  23.7 

2.72 

Eight  diets  were  prepared  in  which  the 
ratio  of  lactalbumin  protein  to  meat 
*  scraps  protein  varied  uniformly  over  the 
narrower  range  from  65:35  to  100:0  as 
shown  in  Table  5.  Evidence  in  the  previ- 
ous experiments  indicated  that  the  high- 
est growth  rate  could  probably  be  obtained 
within  this  range. 

Sexed  Barred  Rock  chicks  were  used  in 
order  to  insure  nearly  equal  sex  distribu- 
tion in  each  group.  All  chicks  were  fed 
diet  6  until  one  week  old,  when  eight 
groups  of  uniform  weights  were  selected 
for  the  experimental  period.  Feeding  of 


With  the  males  this  relation  is  evident 
but  the  curve  is  rather  irregular,  as  indi- 
cated by  the  data  in  Table  6.  Highest 
growth  was  promoted  by  lactalbumin  pro- 
tein to  meat  scraps  protein  ratios  of  80: 20 
(diet  16)  and  90: 10  (diet  18). 

With  the  females  the  data  clearly  in- 
dicate that  the  75:25  ratio  (diet  9)  pro- 
moted the  highest  rate  of  growth.  This 
level  of  lactalbumin  is  slightly  lower  than 
that  giving  the  maximum  response  with 
the  males.  There  is  also  some  evidence  in 
the  two  previous  experiments  that  the 
females  utilized  a  lower  level  of  lactal- 


Table  7 .—Composition  on  a  percentage  basis  of  diets  in  experiment  4 


Ingredient 

Diet  29 

53.5 
38.41 
0.0 
8.07 

18.50 

0 

100 

30 

31 

32 

33 

34 

35 

36 

Basal  mixture 
Ground  yellow  corn 
Lactalbumin 
Meat  scraps 

Total  Protein 
(Chem.  anal.) 

Protein  Ratio  ^^ 

53.5 
37.79 
2.64 
6.05 

18.19 

25 
75 

53.5 
37.47 
3.97 
5.04 

18.13 

37.5 
62.5 

53.5 
37.15 
5.29 
4.04 

18.19 

50 
50 

53.5 
36.84 
6.61 
3.03 

17.88 

62.5 
37.5 

53.5 
36.53 
7.93 
2.02 

18.13 

75 
25 

53.5 
36.21 
9.26 
1.01 

18.13 

87.5 
12.5 

53.5 
35.90 
10.58 
0.0 

17.63 

100 
0 

Y, 
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Table  8.— 
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Mean  body  weights  (±S.E.)  at  eight  weeks  of  age  and  feed  efficiencies  of  Barred  Rocks 

in  experiment  4 


Diet 


Body  weight 


Males 


Females 


Feed 
efficiency 


No. 

Grams 

29 

la 

572.8  +  16.3 

30 

.    10 

558.1  +  18.7 

31 

7 

667.6±22.3 

32 

9 

699.0  +  19.7 

33 

9 

735.8±22.2 

34 

8 

754.9  +  29.2 

35 

7 

726.9  +  35.2 

36 

8 

715.0  +  29.3 

No. 
7 
7 

10 
8 
8 
9 

10 
9 


Grams 

503.3  +  16.6 
564.0  +  26.4 

575.4  +  27.7 

614.5  +  18.9 
658.0±21.0 
626.8  +  27.6 
590.1+21.2 
575.7  +  19.1 


Feed/gain 
2.86 
2.74 
2.68 
2.68 
2.63 
2.59 
2.64 
2.71 


bumin  proportionately  better  than  did  the 
males.  Feed  efficiency  was  observed  to  be 
highest  with  a  high  proportion  of  lactal- 
bumin  in  combination  with  at  least  10 
parts  of  meat  scraps  protein. 

Experiment  4. — Diets  containing  about 
18  percent  protein  were  used  in  this  ex- 
periment to  determine  relative  perform- 
ance at  a  submaximum  rate  of  growth.  To 
modify  the  basal  diet  accordingly,  it  was 
necessary  to  reduce  the  animal  protein  to 
four  percent  of  the  ration  which  is  nearer 
the  quantity  of  animal  protein  found  in 
commercial  mashes. 

The  composition  of  the  eight  diets  used 
in  this  trial  is  given  in  Table  7.  The  lactal- 
bumin  protein  to  meat  scraps  protein 
ratios  were  the  same  as  those  used  in  ex- 
periment 2  with  the  addition  of  three  in- 
intermediate  ratios.  A  new  lot  of  lactal- 


bumin,  used  in  this  experiment,  had 
the  following  percentage  composition  by 
chemical  analyses: 


Protein 
37.81 


Ash  Calcium      Phosphorus 

33.28  10.23  3.81 


Barred  Rock  chicks  were  prepared  for 
this  trial  in  the  same  manner  as  those  used 
in  experiment  3.  Feeding  the  test  diets 
was  begun  when  the  chicks  were  one  week 
old. 

The  relative  growth-promoting  proper- 
ties of  lactalbumin,  meat  scraps,  and  the 
various  combinations  were  essentially 
the  same  with  the  18  percent  protein  level 
(Table  8)  as  with  21  percent  protein  in 
the  diet.  Lactalbumin  promoted  higher 
growth  with  both  sexes  and  more  efficient 
growth  than  did  meat  scraps.  The  various 
combinations  produced  results  indicative 


Table  9. — Composition  on  a  percentage  basis  of  diets  in  Experiment  5 


Ingredient 

Diet  1 1 

12 

13 

JO 

Basal  mixture 
Ground  yellow  corn 
Lactalbumin 
Soybean  oil  meal 
Steamed  bonemeal 
Ground  limestone 

53.5 

21.93 

5.59 

15.87 

1.73 

1.38 

53.5 
23.15 
11.18 
10.58 
.90 
.69 

53.5 

24.44 

16.77 

5.29 

0.0 

0.0 

53.5 

24.14 

22.36 

0.0 

0.0 

0.0 

Total  Protein  (Chem.  anal.) 

20.88 

20.75 

20.75 

20.63 

Protein  Ratio    L* 
SM 

25 
75 

50 
50 

75 
25 

100 
0 
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Table  \0.-^Mean  body  weights  ( ±  S.E.)  at  eight  weeks  of  age  and  feed  efficiencies  of  Barred  Rocks 

in  experiment  5 


Diet 

Body  weight 

Males 

Females 

Feed 
efficiency 

11 
12 
13 
10 

No. 
8 
9 
7 
6 

Grams 
758.1+41.7 
816.2  +  63.8 
812.9  +  20.0 
846.8  +  39.5 

No. 
6 
6 
6 
9 

Grams 
799.5  +  31.3 
755.8  +  21.9 
762.2+37.2 
729.8  +  23.4 

Feed/gain 
2.72 
2.67 
2.71 
2.60 

of  mutually  supplementary  action,  which 
was  greatest  when  lactalbumin  supplied 
62.5  to  75  percent  of  the  animal  protein. 

Evidence  was  again  obtained  that  maxi- 
mum growth  with  males  occurred  on  a 
higher  percentage  of  lactalbumin  than  did 
the  maximum  growth  with  the  females. 
Highest  growth  of  the  males  occurred  with 
a  lactalbumin  protein  to  meat  scraps  pro- 
tein ratio  of  75:25  (diet  34).  The  lower 
ratio  of  62.5:37.5  (diet  33)  promoted 
maximum  growth  of  the  females.  Growth 
on  these  two  ratios  was  more  efficient  than 
with  any  other  combination,  which  agrees 
closely  with  the  results  in  the  previous 
experiments. 

B.  Lactalbumin  and  Soybean  Oil  Meal 

Experiment  5. — Three  diets  containing 
different  combinations  of  lactalbumin  and 
soybean  oil  meal  were  fed  to  Barred  Rocks 
to  compare  the  growth  promoting  proper- 
ties of  these  two  protein  sources.  The  per- 


centage composition  of  the  expeller  proc- 
ess soybean  oil  meal  used  in  this  and  the 
following  experiment  was  as  follows: 


Protein 
42.50 


Ash  Calcium      Phosphorus 

5.35  0.36  0.62 


The  groups  in  experiment  5  were  run 
concurrently  with  the  groups  in  experi- 
ment 2.  Diet  10,  of  course,  was  repre- 
sented by  the  same  lot  of  chicks  for  both 
experiments.  Steamed  bonemeal  and 
ground  limestone  were  used  to  maintain 
uniform  calcium  and  phosphorus  levels  in 
the  diets  containing  soybean  oil  meal 
(Table  9). 

An  interesting  result  of  this  trial  was 
the  apparently  opposite  growth  responses 
of  the  two  sexes,  as  indicated  in  Table  10. 
Weights  of  the  males  increased  with  the 
increasing  proportions  of  lactalbumin  in 
the  diets.  With  the  females,  however, 
growth  appeared  to  decrease  with  increas- 
ing amounts  of  lactalbumin.  The  almost 


Table  11. — Composition  on  a  percentage  basis  of  diets  in  experiment  6 


♦  Ratio  of  lactalbumin  protein  (L)  to  soybean  oil  meal  protein  (SA"). 


Ingredient 

Diet  20 

21 

22 

23 

24 

25 

26 

27 

28 

Basal  mixture 
Ground  yellow  corn 
Lactalbumin 
Soybean  oil  meal 
Steamed  bonemeal 
Ground  limestone 

53.5 

19.14 

1.40 

19.85 

5.07 

1.02 

53.5 

19.50 

2.79 

18.53 

4.72 

0.94 

53.5 

20.22 

5.59 

15.88 

4.00 

0.79 

53.5 

20.94 

8.38 

13.24 

3.27 

0.65 

53.5 
21.66 
11.18 
10.59 
2.53 
0.52 

53.5 

22.39 

13.97 

7.94 

1.81 

0.37 

53.5 

23.11 

16.77 

5.29 

1.09 

0.22 

53.5 

23.83 

19.56 

2.65 

0.37 

0.07 

53.5 

24.20 

20.96 

1.32 

0.0 

0.0 

Total  Protein 
(Chem.  anal.) 

23.25 

23.19 

23.19 

23.06 

22.88 

22.94 

22.88 

22.38 

22.25 

Protein  Ratio    ^ 
5>n 

6.25 
93.75 

12.5 
87.5 

25 
75 

37.5 
62.5 

50 
50 

62.5 
37.5 

75 
25 

87.5 
12.5 

93.75 
6.25 

• 
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-Mean  body  weights  (±S.E.)  at  eight  weeks  of  age  and  feed  efficiencies  of  Barred  Rocks 

in  experiment  6 


Diet 


Body  weight 


Males 


Females 


Feed 

efficiency 


20 
21 
22 
23 
24 
25 
26 
27 
28 


No. 

Grams 

7 

712.4  +  24.4 

9 

748.0  +  30.0 

7 

796.3  +  41.8 

8 

790.4  +  22.0 

7 

795.9  +  29.7 

8  75 vo  ^^2^+54.6 

8  828.4  +  38.6 

8  852.4±36.8 

8  849.8+40.6 


No. 

Grams 

8 

618.2  +  24.5 

6 

615.0±48.0 

7 

635.7  +  36.5 

8 

697.2  +  32.3 

9 

647.3±13.9 

7 

677.4  +  33.4 

8 

709.5  +  23.2 

8 

708.2±20.7 

8 

698.6  +  21.6 

Feed/gain 
2.84 
2.95 
2.84 
2.84 
2.69 
2.67 
2.78 
2.73 
2.61 


linear  relation  between  body  weight  and 
percentage  of  lactalbumin  in  the  diet 
indicated  the  absence  of  appreciable  mu- 
tually supplementary  action  between  lac- 
talbumin and  soybean  oil  meal.  Feed 
efficiency  tended  to  increase  with  increas- 
ing amounts  of  lactalbumin. 

Experiment  6, — Nine  different  combina- 
tions of  lactalbumin  and  soybean  oil 
meal  were  used  in  this  trial.  As  indicated 
in  Table  11,  the  ratio  between  lactalbumin 
protein  and  soybean  oil  meal  protein  was 
varied  gradually  throughout  the  range 
from  6.25:93.75  to  93.75:6.25.  With  these 
diets  the  results  were  expected  to  indicate 
more  clearly  the  relation  between  these 
two  proteins  than  was  obtained  in  the 
previous  experiment. 

Body  weight  in  this  trial  (Table  12)  was 
highest  with  both  sexes  on  the  diets  con- 
taining the  higher  amounts  of  lactal- 
bumin. The  nearly  linear  relationship 
between   body   weight   and   lactalbumin 


level  again  as  in  experiment  5  indicated 
the  probable  absence  of  mutually  supple- 
mentary action  between  these  two  pro- 
teins. Growth  on  the  highest  level  of  lac- 
talbumin was  more  efficient  than  on  the 
highest  level  of  soybean  oil  meal.  Feed 
efficiency  tended  to  show  a  linear  rela- 
tionship with  the  amount  of  lactalbumin 
in  the  diet.  These  results  are  further  evi- 
dence that  no  mutually  supplementary 
action  exists  between  lactalbumin  and 
soybean  oil  meal.  However,  lactalbumin 
supported  a  higher  rate  of  growth  than 
soybean  oil  meal. 

C.  Incidence  of  Perosis 

Statistics  on  the  incidence  of  perosis  in 
the  six  experiments  previously  described 
are  summarized  in  Table  13.  In  the  tests 
with  lactalbumin  and  meat  scraps,  2.4 
percent  of  the  chicks  were  affected.  Half 
of  these  were  mild  cases.  In  the  tests  with 
lactalbumin  and  soybean   oil  meal,   3,Z 


Table  U.— Number  of  cases  of  perosis  in  experiments  with  lactalbumin  and  meat  scraps  or  soybean  oil  meal 


Experiment 

Percent 

lactalbumin 

protein* 

0 

25 

50 

62.5 

75 

95 

100 

1,  2,  3,  4  (Meat  scraps) 
5,  6  (Soybean  oil  meal) 

No. 
2 

No. 

1 
3 

No. 
1 

1 

No. 
1 

No. 
2 

1 

No. 

1 

No. 
3 

.    *  Percent  lactalbumin  protein  of  the  total  protein  in  lactalbumin  and  meat  scraps  or  soybean  oil  meal 
in  the  diet. 
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percent  of  the  chicks  developed  perosis, 
one-third  of  which  were  mild  cases. 

In  all  other  respects  the  chicks  were 
normal  and  vigorous,  presenting  a  healthy 
appearance  which  included  good  feather- 
ing and  pigmentation  that  did  not  vary 
from  group  to  group.  Droppings  were 
normal  in  appearance  in  all  groups. 

DISCUSSION 

The  experimental  work  with  lactal- 
bumin and  meat  scraps  has  shown  that 
lactalbumin  promoted  slightly  greater 
growth  in  the  chicks  than  did  meat  scraps 
when  each  was  the  only  source  of  animal 
protein  in  the  diet.  Furthermore,  less  feed 
was  required  to  produce  one  pound  of  gain 
on  the  lactalbumin  diets  than  on  the  meat 
scraps  diets.  From  these  facts  it  would 
seem  that  the  use  of  lactalbumin  as  a 
source  of  animal  protein  in  poultry  rations 
is  nutritionally  sound. 

The  results  have  clearly  indicated  a 
mutually  supplementary  action  between 
these  two  protein  concentrates.  Both 
growth  and  feed  efficiency  tended  to  be 
materially  higher  when  the  two  proteins 
were  present  in  a  diet  than  would  be 
expected  if  no  supplementary  relation 
existed.  Growth  and  feed  efficiency  were 
highest  when  lactalbumin  supplied  ap- 
proximately 75  percent  of  the  total  pro- 
tein furnished  by  lactalbumin  and  meat 
scraps  in  the  diet. 

The  maximum  supplementary  effect 
was  observed  with  a  slightly  higher  pro- 
portion of  lactalbumin  for  the  males  than 
for  the  females.  This  differential  response 
may  have  been  due  to  the  difference  in 
growth  rate  between  the  sexes.  A  possible 
explanation  that  suggests  itself  is  that  the 
more  rapidly  growing  males  probably 
have  a  higher  requirement  for  some  es- 
sential amino  acid  which  may  be  found 
more  abundantly  in  lactalbumin  than  in 


meat  scraps.  This  suggestion  is  strength- 
ened by  the  fact  that  the  five  percent 
brewers'  yeast  contained  in  all  of  the  ex- 
perimental diets,  along  with  the  contri- 
butions made  by  the  other  constituents  of 
the  diets,  likely  supplied  optimum  quan- 
tities of  all  the  known  as  well  as  unknown 
members  of  the  vitamin  B  complex.  The 
superior  response  of  males  confirms  the 
results  of  Irwin  and  Kempster  (1942)  that 
males  utilize  additional  protein  more  effi- 
ciently than  females. 

Presumably  a  ratio  of  75  parts  lactal- 
bumin protein  to  25  parts  meat  scraps 
protein  would  be  expected  to  give  close  to 
the  maximum  growth  attainable  by  a 
combination  of  these  two  protein  con- 
centrates. In  100  pounds  of  a  21  to  22  per- 
cent protein  starting  ration,  this  ratio 
would  be  supplied  by  about  17  pounds  of 
lactalbumin  (40  percent  protein)  and  4.5 
pounds  of  meat  scraps  (50  percent  pro- 
tein). In  an  18  percent  protein  ration  the 
amounts  required  would  be  about  8  pounds 
of  lactalbumin  and  2  pounds  of  meat 
scraps. 

The  experiments  with  lactalbumin  and 
soybean  oil  meal  strongly  indicated  that 
no  mutually  supplementary  action  exists 
between  these  two  proteins.  Evidently 
the  growth  response  on  a  diet  containing 
lactalbumin  cannot  be  increased  by  the 
addition  of  soybean  oil  meal  to  the  diet. 
The  reverse,  however,  is  true  for  the  addi- 
tion of  relatively  small  amounts  of  lactal- 
bumin to  diets  high  in  soybean  oil  meal 
increased  the  rate  of  growth. 

Although  perosis  occurred  in  these  ex- 
periments, the  incidence  was  low.  The 
fairly  uniform  distribution  of  the  cases, 
regardless  of  the  percentage  of  lactalbu- 
min, soybean  oil  meal  or  meat  scraps  in 
the  diet,  is  strong  evidence  that  the  pro- 
tein supplements  did  not  influence  the 
development  of  perosis. 
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SUMMARY 


1.  In  experiments  with  75  Single  Comb 
White  Leghorns  and  514  Barred  Rocks, 
more  rapid  and  efficient  growth  to  eight 
weeks  of  age  was  obtained  with  lactalbu- 
min  than  with  meat  scraps  or  soybean 
oil  meal  as  the  sole  protein  concentrate  in 
an  all-mash  commercial  type  ration. 

2.  Mutually  supplementary  action  was 
shown  to  exist  between  lactalbumin  and 
meat  scraps.  Lactalbumin  additions  sup- 
plemented diets  high  in  soybean  oil  meal 
but  additions  of  soybean  oil  meal  to  diets 
high  in  lactalbumin  neither  increased  rate 
of  growth  nor  feed  efficiency. 
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'yilE  reports  of  M0llgaard/  Forestier,^  Towle  and  Gruiid-^  Ilartfall,  Gar- 
1  land,  and  Goldie,*  Sabin  and  Warren,"'' «  and  others  have  created  consider- 
able interest  in  the  use  of  g«old  compounds  for  the  treatment  of  tuberculosis, 
lupus  erythematosus,  and  arthritis.  However,  the  frequent,  varied  toxic 
reactions  and  occasional  fatalities  in  patients  receivin<2:  o'old  drugs  have  been 
a  hindrance  to  their  extensive  use.  In  an  effort  to  find  a  nontoxic,  thera- 
peutically effective  drug,  investigators  have  tested  a  large  number  of  gold 
preparations  without  discovering  one  that  is  completely  satisfactory. 

In  1940  Sabin  and  Warren^'  studied  the  effectiveness  of  gold  compounds  in 
curing  an  experimental  mouse  arthritis  produced  by  inoculating  mice  with  a 
pleuropneumonia-like  organism.  In  their  work  they  studied  the  toxicity  of 
several  gold  compounds,  using  mice  as  test  animals  and  using  survival  or 
death  of  the  animal  as  an  index  of  toxicity.  Obviously  this  method  gives  no 
measure  of  the  degree  of  toxicity  in  surviving  animals. 

In  using  a  similar  technique  to  test  the  toxicity  of  gold  compounds  in  this 
laboratory,  it  w^as  noted  that  mice  receiving  sublethal  doses  of  gold  salts  ex- 
hibited an  elevation  of  the  nonprotein  nitrogen  level  of  the  blood,  often  to  two 
or  three  times  normal  values.  From  this  it  appeared  that  the  nonprotein  ni- 
trogen value  of  the  blood  might  be  a  better  index  of  toxicity  than  survival  or 
death.  However,  since  a  mouse  had  to  be  sacrificed  to  obtain  sufficient  blood 
for  a  nonprotein  nitrogen  determination,  this  method  could  hardly  be  con- 
sidered satisfactory  since  it  is  often  desirable  to  give  an  animal  several  doses 
of  the  drug.  In  order  to  elinunate  the  necessity  of  sacrificing  an  animal 
whenever  its  blood  was  to  be  analyzed,  rats  were  used  in  the  experiments  re- 
ported here. 

In  the  following  report  several  gold  compounds,  some  commercially  available 
and  others  especially  synthesized  for  this  work,  have  been  studied  in  order  to 
obtain  information  with  regard  to  their  toxic  reactions. 

GOLD  COMPOUNDS  USED 

Table  I  lists  the  gold  compounds  used  in  the  following  experiments  together 
with  their  formulas  and  theoretical  gold  content.     Especially   prepared   gold 

Present  address:     Research  Laboratories,   S.   M.   A.   Corporation,   Chagrin   FalLs,   Ohio. 
From   the  Department  of  Agricultural  and   Biological   Chemistry,   The   Pennsylvania   State 

College 

This  naoer  i«^  taken  from  a  thesis  presented  to  the  C.raduate  School   of  the  Pennsylvania 
State  CoUege  by  Charleys  W.  Denko  in  partial  fulfthment  of  the  requirements  for  the  degree  of 

^'"''^''luthoHzerfo^^  July  !«•   1^44.   as  paper  No.'  1239   in   the  journal   series  of  the 

Pennsylvania  Agricultural  Experiment  Station. 
Received  for  publication,  Aug.  5,  1944. 
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compouncls  wore  ciiialyzed  for  oold  as  an  index  of  purity.  TJiese  values  are 
-iven  to-ether  with  the  iiietliod  used  for  the  preparation  of  eacli  prepared 
compound. 

Table  I 
Gold  Compounds  Used 


NAME 


FORMULA 


1.  Aurothioglucose*  CJi]fi  SAu 

2.  Gold  sodium  thiosulfatet  Na3Au(SA),-2HoO 

3.  CoUoidal  gold  soU  ' 

4.  Strontium  aurothioglycolate  Sr(OOCH.,SAu). 

o.  a-aurothio-?i-]mtyric  ac5id  CH3(CHo)CH-C00PI 


().  Auro  n-propyl  xanthate 

7.  Auro-isopropyl  xanthate 

8.  Auro-it-butyl' xanthate 

9.  Auro-isobutyl  xanthate 


PER   CENT  OF  GOLD 


THEO- 
RETICAL 


FOUND $ 


METHOD  OF 
PREPARATION 


SAu 
CH3(CH,)20CSSAu 
(CH3)oCHOCSSAu 
CH,(CH0,OCSSAu 
(CH3),CHCHoQCSSAu 


50. 
37.4 

59.5G 
62.24 


59.29 
59.29 
56.92 
56.92 


60.61 
61.40 


59.34 
57.70 
55.73 
56.64 


(7),   (8) 
(7),   (8) 


(9), 
(9), 
(9), 
(9), 


(10) 
(10) 
(10) 
(10) 


♦Supplied   through  the  courtesy  of  the   Scherins   Corporation.   Bloonifleld.   N.   J 
Tfeupplied    through   the   courtesy   of   Mr.   J.    G.    Bieri. 

il^^u"!"^   through   the  courtesy  of  Crookes   Laboratories.    Inc.,   New  York,    N.   Y. 
^Method   of  the  American   Medical   Association. '> 

TOXICITY  OF  GOLD  COMPOUNDS 

The  effects  of  gold  conipounds  on  the  nonprotein  nitrogen  of  tlie  blood 
are  given  in  Table  If.  The  Anderson-IIowelP^  method  was  used  to  determine 
all  the  nonprotein  nitrogen  values.  (Jold  sodium  thiosulfate  was  administered 
in  water  solution.  The  colloidal  gold  was  a  hydrosol.  Water-insoluble  stron- 
tium aurothioglycolate  and  the  auroxantliates  were  administered  intramus- 
culai-ly  in  a  sesame  oil  suspension.  Since  a-aurothio-/i-butvric  acid  is  soluble 
only  to  the  extent  of  54  mg.  per  100  c.c.  of  water  at  100°  C.,  it  also  was  ad- 
ministered in  oil  suspension,  (iold  sodium  thiosulfate  was  injected  as  an 
aqueous  solution. 

Gold  sodium  thiosulfate  is  definitely  toxic  when  administered  in  5  ing.  doses. 
Tn  Animal  23  death  occurred  on  the  third  day  when  the  blood  nonprotein  ni- 
trogen had  reached  a  level  of  248.1  mg.  per  100  c.c.  In  Animal  24  the  blood 
nonprotein  nitrogen  reached  a  level  of  151  mg.  on  the  fourth  day  but  returned  to 
normal  on  the  seventh  day.  In  animals  receiving  less  than  5  mg.  there  was  no 
appreciable  rise  in  blood  nonprotein  nitrogen  excej^t  in  Animal  28,  receiving  2  mg., 
where  a  value  of  150.1  mg.  was  found  on  the  second  day  after  injection.  This  ani- 
mal returned  to  normal  on  the  third  dav. 

• 

a-Aurothio-«-butyric  acid  Avas  toxic  when  adniiiiistered  at  a  3  mg.  level, 
one  animal  having  a  nonprotein  nitrogen  level  of  33!)  mg.  and  dying  the  third 
day  after  injection.  On  the  5  mg.  level  one  animal  died  the  third  dav  when 
the  nonprotein  nitrogen  level  liad  reached  185.4  mg.  per  100  c.c.  of  blood.  The 
three  other  animals  receiving  5  mg.  doses  had  high  nonprotein  nitrogen  vahies 
the  third  day  after  injection.  The  tifth  day  after  injection  two  of  these  were 
essentially  normal,  while  tlie  third  had  returned  to  normal  the  tenth  day. 

In  the  case  of  all  the  other  eomiionnds  stndied,  there  was  no  increase  in 
nonprotein  nitrogen  level  even  after  do.ses  of  100  mg.  in  the  ca.ses  of  aiiro-H- 
butyl  and  anro-isobutyl  xanthates. 


Tablk  II 

Showing  Nonprotein  Nithooen  ok  E.^T  Blood  ]?efo.<e  and  Akter  I.vjectixc  Go.j) 

Preparations 


^ 

CD 

6 

NONPUOTEIX   NITROGEN 

IX   B] 

.OOD    ( 
i    INJE 

MG.   PI 

IK   CENT) 

1^ 

o 

J 

DAYS    AFTEI 

LTIOX 

< 

w 

t— 1 

o  w 

«  ;5 

< 

1 

2 

o 
O 

4 

0 

7 

8 

10 

11 

12 

13 

*\  i\ 

Gold  sodium 

thiosulfate 

oO 

F 

106 

1 

54.6 

52.8 

44.4      44.1 

36.9 

29 

Y 

139 

1 

39.1 

37.1 

46.2      36.6 

43.2 

28 

J^' 

139 

2 

39.6 

41.4 

150.1      42.7 

41  4 

2V 

M 

167 

2 

39.4 

46.5 

45.6      53.2 

48.6 

20 

V' 

121 

3 

40.6 

48.2 

52.2      39.2 

43.9 

26 

¥ 

113 

3 

41.0 

42.8 

44.1      45.3 

45.3 

24 

M 

157 

5 

69.7 

85.4 

139.6    149.4       151.0  . 

42.2 

23 

M 

114 

0 

43.9 

136.4 

156.2 

248.1* 
thio-?i-butyric 

a-auro 

acid 

35 

J^' 

169 

3 

42.4 

96.3 

175.6    339.0* 

32 

M 

185 

3 

38.1 

35.5 

34.3      47.4                     37.S 

1 

37 

M 

146 

0 

51.9 

90.6 

151.2    180.9                      ^\SA 

\      ■ 

39.7 

36 

Y' 

167 

5 

51.1 

95.9 

92.9    131.6                     37.? 

> 

43.9 

33 

F 

185 

5 

42.6 

96.4 

151.5    170.4                   192.;] 

> 

42.1 

31 

M 

211 

0 

40.4 

131.7 

176.4 

185.4* 

idal  gold   (Ru 

/ 

Colloi 

by) 

38 

M 

201 

1.25 

64.2 

39.3 

50.7                     39.1 

39 

F 

177 

2.25 

42.4 

36.3      37.8 
Strontiu 

41.2 

m   aurothioglycolate 

k 

40 

M 

215 

5 

47.4 

36.1 

40.4      40.4 

41 

M 

202 

14 

33.4 

43.0 

39.9      41.4 

• 

Auron-propyl  xanthate 

44 

F 

141 

5 

35.9 

35.9 

35.6      34.0 

45 

M 

144 

10 

35.1 

30.7 

30.5      38.9 

- 

46 

M 

241 

15 

46.4 

33.6 

48.3      34.4 

. 

47 

M 

217 

25 

37.5 

41.1 

41.1      33.7 

^ 

Auro-isopropyl  xanthate 

57 

F 

141 

5 

42.0 

35.5 

35.4      38.1         37.8 

56 

M 

233 

10 

36.7 

39.3 

47.1      36.1         43.9 

58 

F 

186 

15 

39.1 

31.2 

40.0      37.5         44.6 

#* 

59 

M 

238 

25 

37.1 

40.7 

40.4      40.4          37.4 

Auron-butyl  xanthate 

48 

M 

174 

10 

41.6 

30.7 

37.0                     36.9 

49 

M 

192 

20 

31.0 

38.6 

44.0                     35.3 

50 

F 

190 

50 

40.8 

40.0 

40.3                     51.5 

51 

F 

189 

100 

51.0 

36.3 

39.6                     41.7 

38.5    35.3    49.7 

Auro-isobutvl  xanthate 

ft' 

52 

F 

203 

10 

40.5 

34.0 

36.3      42.9 

46.5 

53 

M 

245 

20 

42.3 

39.7 

36.0      39.7         35.7 

41.3 

54 

F 

183 

50 

30.7 

30.7 

35.6      38.5          43.2 

38.3    3().8 

55 

M 

240 

100 

31.5 

31.0 

36.9      36.3         34.9 

♦Died. 


The  results  of  tliis  experiment  indicate  tliat  the  toxicity  of  ^okl  compounds 
depends  upon  their  solubility  in  water,  (rold  sodium  thiosulfate  and  a-au- 
rothio-/i-butyric  acid,  which  are  water  soluble,  are  toxic,  whereas  colloidal  ^old, 
strontium  aurothioglycolate,  and  the  auroxanthates,  water-insoluble  substances, 
are  nontoxic,  as  indicated  by  their  effects  on  the  nonprotein  nitrogen  values 
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of  the  blood.  If  a  gold  compound  is  toxic  and  the  animal  survives  the  dose 
given,  the  toxic  reaction  is  temporary,  the  nonprotein  nitrogen  value  of  the 
blood  returning  to  normal  in  from  five  to  ten  days  after  injection. 

THE  EFFECT   OF  TYPE  OF   CARRIER  ON   THE  TOXICITY   OF  AUROTHIOGLUCOSE 

Some  of  the  compounds  in  the  previous  experiments  were  administered  in 
oil  suspensions  and  some  were  administered  in  aqueous  solution.  Many  work- 
ers feel  that  administration  of  water-soluble  aurothioglucose  as  an  oil  suspen- 
sion makes  this  compound  less  toxic  than  when  administered  in  aqueous  solu- 
tion. In  order  to  determine  the  effect  of  type  of  carrier  on  the  toxicity  of 
aurothioglucose,  animals  were  given  intramuscular  injections  of  varying  doses 
in  oil  suspension  and  in  aqueous  solution.  The  effects  of  these  injections  on 
the  nonprotein  nitrogen  level  of  the  blood  are  given  in  Table  III. 

Table  III 
Showing  the  Effect  of  Type  Carrier  on  the  Toxicity  of  Aurothioglucose 


SEX 

WEIGHT 

(GM.) 

DOSE 
(MG.) 

CARRIER 

NONPROTEIN  NITROGEN  IN  BI 

.OOD  (MG.  PERC 
INJECTION 

ENT) 

ANI- 
MAL 

BE- 
FORE 
IN- 

DAYS   AFTER 

JEC- 
TION 

1 

2 

3 

4 

7 

15 

1 

F 

141 

Control 
1.0  c.c. 

0.97c   NaCl 

53.3 

43.5 

50.7 

34.6 

10 

M 

185 

Control 
1.0  c.c. 

Sesame  oil 

51.8 

41.2 

39.8 

44.9 

2 

M 

1()1 

10 

Water 

36.4 

54.7 

40.7 

40.7 

42.9 

44.4 

6 

F 

.    134 

10 

Oil 

37.7 

61.1 

44.3 

50.2 

38.1 

4 

F 

143 

40 

Water 

45.3 

141.0 

169.5 

184.1 

87.8 

44.6 

7 

P 

162 

25 

Oil 

55.0 

131.0 

176.5 

266.8* 

3 

r 

170 

50 

Water 

51.8 

101.0 

197.5 

151.5 

81.2 

44.2 

8 

M 

180 

50 

Oil 

60.0 

126.0 

214.2 

205.6 

363.6* 

5 

M 

184 

100 

Water 

48.6 

97.8 

268.0 

287.2 

340.0* 

9 

M 

169 

100 

Oil 

54.3 

120.0 

238.0 

309.0 

107.5 

♦Died. 

Table  III  shows  a  comparison  of  the  effect  of  various  doses  or  aurothio- 
glucose on  the  nonprotein  nitrogen  level  of  the  blood  when  administered  in 
water  solution  and  in  oil  suspension.  There  appears  to  be  little  difference  in 
the  toxicity  of  aurothioglucose  as  related  to  the  mode  of  injection.  On  the 
25  and  50  mg.  levels,  aurothioglucose  appears  to  be  more  toxic  when  admin- 
istered in  oil  than  when  administered  in  water  solution,  as  indicated  by  the 
death  of  both  animals  receiving  the  oil  suspension.  On  the  40  and  50  mg. 
levels  in  water  solution  both  animals  survived  and  were  back  to  normal  the 
fifteenth  day.  However,  on  the  100  mg.  level  death  occurred  in  the  animal 
receiving  the  water  solution,  whereas  the  animal  receiving  the  oil  suspension 
survived. 

•     TOXICITY  OF  a-AUROTHIO-n-BUTYRIC  ACID,  DUE  TO  GOLD  ATOM 

In  order  to  prove  that  the  toxicity  of  gold  compounds  was  due  to  the  pre- 
sence of  gold,  animals  were  given  injections  of  a-thio-n-butyric  acid  and  later 
a-aurothio-ti-butyric  acid.  The  effects  of  these  compounds  on  the  nonprotein 
nitrogen  level  of  the  blood  are  given  in  Table  IV. 
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Table  IV 
Toxicity  op  a-AuROTHio-71-BuTYRic  Acid  Due  to  Presence  of  Gold  Atom 


ANI- 
MAL 


SEX 


a-THIO-Tl 
WEIGHT  BUTYRIC 
(GM.)         ACID 
(MG.) 


NONPROTEIN    NITROGEN    IN 
BLOOD     (mg.     PER     CENT) 


BEFORE 
INJEC- 
TION 


DAYS     AFTER 
JECTION 


IN- 


a-AURO- 

THIO-Tl- 

BUTYRIC 

ACID 

(mg.) 


NONPROTEIN  NITROGEN  IN  BLOOD 
(mg.  PER  CENT) 


DAYS   AFTER  INJECTION 


5 


10 


31 

M 

201 

50 

36.9 

41.3 

47.8 

40.4 

5 

131.7 

176.4  185.4* 

32 

M 

181 

25 

48.4 

41.4 

38.1 

3 

35.5 

34.3    47.4 

37.9 

33 

Jj' 

174 

10 

47.2 

37.9 

39.7 

42.0 

5 

96.4 

151.5  170.4 

192.3 

42.1 

34 

F 

174 

0.50  c.c. 
.    0.9% 
NaCl 

48.0 

45.4 

37.8 

39.7 

0.50  c.c. 
oil 

41.4 

42.3    42.3 

43.9 

*Died. 

Table  IV  indicates  that  a-tliio-71-butyric  acid,  w^hen  administered  in  doses 
up  to  50  mg.,  is  nontoxic.  When  this  is  followed  in  the  same  animals  by 
doses  of  5  mg.  of  a-aurothio-^i-butyric  acid,  definite  toxicity  results  as  indi- 
cated by  a  rise  in  blood  nonprotein  nitrogen  values,  and  in  one  case  by  the  death 
of  the  animal.     It  is  evident  from  this  tliat  toxicity  is  due  to  gold. 

DEVELOPMENT  OF  TOLERANCE  TO  AUROTHIOGLUCOSE  AND  GOLD  SODIUM  THIOSULFATE 

Cortell  and  Richards  ^•*^'  ^*  studied  the  development  of  tolerance  to  gold  salts 
in  rats,  using  the  survival  method.  They  showed  that  rats  given  sublethal 
doses  of  gold  sodium  thiosulfate  and  of  gold  sodium  thiomalate  could  toler- 
ate ordinarily  lethal  doses  of  tliese  compounds  subsequently  administered. 
They  also  showed  that  a  rat  which  had  developed  tolerance  to  gold  sodium 
thiomalate  was  also  tolerant  to  gold  sodium  thiosulfate. 

The  results  presented  in  Table  V  show  the  effects  of  repeated  doses  of  au- 
rothioglucose and  of  gold  sodium  thiosulfate  on  blood  nonprotein  nitrogen 
values.  Rats  given  doses  of  40  and  50  mg.  of  aurothioglucose  showed  a  decided 
rise  in  blood  nonprotein  nitrogen  values  which  returned  to  normal  the  fifteenth 
day.  When  the  doses  were  repeated  on  tliese  animals,  blood  nonprotein  ni- 
trogen values  remained  normal.  A  third  dose  of  75  and  100  mg.  also  showed 
no  appreciable  rise  in  the  blood  nonprotein  nitrogen  value.  Animal  2,  given 
an  initial  dose  of  10  mg.,  a  second  dose  of  20  mg.,  and  a  final  dose  of  50  mg., 
showed  little  change  in  blood  nonprotein  nitrogen  values. 

The  results  obtained  with  gold  sodium  thiosulfate  although  similar  to  those 
obtained  with  aurothioglucose  are  not  as  consistent.  Seven  rats  were  given 
initial  doses  ranging  from  1  to  5  mg.  Only  two  animals  showed  a  rise  in 
blood  nonprotein  nitrogen  values,  the  one  receiving  2  mg.  and  the  other  5  mg. 
As  a  second  dose  each  animal  was  given  5  mg.  Apparently  an  initial  dose  of  1 
mg.  did  not  protect  the  animal  since  both  of  these  animals  died  after  the  5  mg. 
dose.  Even  initial  doses  of  2  and  3  mg.  showed  slight  protection  since  in  all 
cases  the  blood  nonprotein  nitrogen  values  were  high,  and  in  Animal  26,  which 
had  received  an  initial  dose  of  8  mg.,  death  occurred.  An  initial  dose  of  5  mg. 
apparently  protected  the  animal  because  there  was  little  rise  in  the  blood  non- 
protein nitrogen  value  after  the  second  dose  of  5  mg. 

The  four  surviving  animals  were  each  finally  given  a  10  mg.  dose.  All 
animals  survived  and  blood  nonprotein  nitrogen  values  were  approximately 
normal  on  the  seventh  day  after  injection  except  in  Animal  28.     Animal  28 


Table  V 

Showing  Development  of  Tolerance  to  Aurotiiioglucose  and  Gold  Sodium 

Thiosulfate 


NONPROTEIN 

NITROGEN  IN   BLOOD 

(MG.   PER   CENT) 

BE- 

ANIMAL 

SEX 

weight 

GM. 

■  • 

FORE 

DAYS   AFTER   INJECTION 

INJEC- 
TION 

1 

2 

3             4 

7 

9 

15 

aurothioglucose 

1st  Dose 

mg. 

1 

F 

141 

1  c.c.  NaCl 

43.5 

50.7 

34.6 

2 

M 

161 

10 

36.4 

54.7 

40.7 

40.7 

42.9 

44.4 

3 

F 

143 

40 

45.3 

141.0 

169.5 

184.1 

87.8 

44.6 

4 

F 

170 

50 

2nd  Dose 
mg. 

51.8 

101.0 

197.5 

151.5 

81.2 

44.2 

1 

150 

0.5  c.c.  NaCl 

60.8 

49.4 

51.1 

56.4 

2 

212 

20 

47.1 

41.7 

53.0 

52.4 

3 

155 

40 

49.8 

39.1 

44.2 

49.9 

4 

175 

50 

3rd  Dose 
mg. 

44.7 

42.2 

48.4 

53.8 

1 

168 

1  c.c.  NaCl 

48.7 

50.7 

2 

221 

50 

51.9 

44.8 

54.6 

3 

159 

75 

48.9 

41.6 

47.5 

4 

187 

100 

50.7 

47.4 

52.4 

GOLD 

SODIUM 

THIOSULFATE 

1st  Dose 

mg. 

29 

F 

139 

1 

39.1 

37.1 

46.2 

36.6 

43.2 

30 

F 

106 

1 

54.(5 

52.8 

44.4 

44.1 

36.9 

27 

M 

167 

2 

39.4 

4().5 

45.6 

53.2 

48.6 

28   . 

F 

139 

2 

39.6 

41.4 

150.1 

42.7 

41.4 

25 

P 

113 

3 

41.0 

42.8 

44.1 

45.2 

45.3 

26 

F 

121 

3 

4().() 

48.2 

52.2 

39.2 

43.9 

24 

M 

157 

5 

2nd  Dose 
mg. 

69.7 

85.4 

139.6 

149.4 

42.2 

29 

149 

5 

350.0 

207.2 

280.0* 

30 

126 

5 

94.2 

]  74.0 

240.0*      • 

27 

167 

5 

123.6 

42.4 

54.5 

49.4 

28 

139 

5 

1()4.S 

116.2 

153.8 

100.0 

25 

133 

5 

117.8 

119.5 

100.0 

84.8 

26 

141 

5 

86.0 

209.0 

175.()    255.6* 

24 

157 

5 

3rd  Dose 
mg. 

78.3 

47.1 

39.4 

49.8 

27 

214 

10 

92.7 

78.9 

63.1 

55.7 

28 

146 

10 

137.4 

197.8 

255.4 

159.6 

25 

138 

10 

162.4 

95.0 

63.1 

48.1. 

24 

- 

]  93 

10 

105.2 

132.2 

85.0 

44.1 

*Died. 

appears  to  have  been  exceptionally  sensitive  to  jiold  since  the  initial  dose  of  2 
mfr.  prodneed  an  appreciable  rise  in  the  blood  nonprotein  nitrogen  value. 

The  results  of  these  experiments  indicate  that  rats  become  more  tolerant 
to  gold  compounds  after  having  received  sufficiently  large  initial  doses  of 
them. 

DEVELOPMENT   OF   CHOSS-TOLERANCE 

Animals  that  had  received  aurothioglucose  were  injected  with  gold  sodium 
thiosulfate   and    later   with   « aurothio-M-butyric   acid.     Animals   that    had    re- 
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eeived  gold  sodium  thiosulfate  were  injected  with  aurothioglucose  and  later 
with  a-aurothio-n-butyric  acid.  Animals  that  had  received  auroxanthates  were 
subsequently  injected  with  aurothioglucose.  The  changes  in  the  nonprotein 
nitrogen  values  of  the  blood  following  these  injections  are  presented  in  Table 

Table  VI 

CROSS-TOLERANCE    STUDIES 


ANI 
MAL 


SEX 


GOLD 
SODIUM 

THIO- 
SULFATE 

(MG.) 


XOK^PKOTEIN   NITROGEN   IN   BLOOD 
(MG.    PER   (^ENT) 


BEFORE 
INJEC- 
TION 


DAYS  AFTER  INJECTION 


3 


9 


a- 
AURO- 
THIO- 

n- 

BUTY- 

RIC 

AC^D 

(  MG. ) 


NONPROTEIN  NlTItOGKN  IN 
BLOOD  (MG.  PER  CENT) 


DAYS   AFTER  INJECTION 


2 


F        181 


Aurotliioglueose*-gold   sodium   thiosulfate-a  aurothio-n-butvric   acid 

■  ■■ %/ 


10 


52.4     98.0     76.9     49.6 


42.7       10       62.1     41.8     44.6     40.0 


Gold  sodium  thiosulfate t-aurotliioglucose-a-aurothio-?i-butyric  acid 


Auro- 
thio- 
glucose 

(mg-) 


27 

M 

183 

100 

55.7                49.9     87.3     50.0                  10 

61.1 

55.8 

43.1 

Auro-rt-propyl  xanthatet -aurothioglucose 

45 

M 

158 

100 

34.0     38.2     42.1     39.9     42.8 

Auro->i-butyl   xantliatet -aurothioglucose 

49       M       214 


50 


35.3 


50.6     51.7     56.6 


Auro-isobutyl  xanthatet -aurothioglucose 


52 


213 


100 


46.5     49.3 


58.3 


Auro-isopropyl  xanthatet -aurotiiioglucose 


58 


179 


50        44.6     77.0  112.8  125.0 


Controls — aurothioglucose 


64       M       186  50         49.4  102.3  132.4 

62       M       257         100         39.3  164.8  170.5 


♦See  Table  II  for  effects  of  original   doses. 
tSee  Table  I  for  effects  of  original  doses. 

Animal  3,  which  had  originally  received  a  dose  of  50  mg.  of  aurotliioglncose 
and  whose  blood  nonprotein  nitrogen  value  had  reached  197.5  mg.  per  cent 
two  days  after  injection,  tolerated  a  10  mg.  dose  of  gold  sodium  thiosulfate. 
The  blood  nonprotein  nitrogen  value  reached  98.0  mg.  per  cent  one  day  after 
the  gold  sodium  thiosulfate  was  given.  Later  this  animal  tolerated  a  10  mg. 
dose  of  a-aurothio-?Nbutyric  acid  with  very  little  rise  in  the  blood  nonprotein 
nitrogen  value.  Ten  milligram  doses  of  gohl  sodium  thiosulfate  and  «-auro-?j- 
butyric  acid  given  to  a  normal  rat  are  usually  lethal. 

Animal  27  originally  received  2  mg.  of  gold  sodium  thiosulfate  with  little 
subsequent  rise  in  blood  ncmprotein  nitrogen  values.  When  later  given  TOO 
mg.  of  aurothioglucose,  the  blood  nonprotein  nitrogen  valne  rose  to  87.3  mg. 
per  cent  three  days  after  injection.  Later  this  animal  tolerated  10  mg.  of 
a-aurothio-n-butyric  acid  with  little  rise  in  blood  nonprotein  nitrogen  values. 

As  indicated  in  Table  11,  auroxanthates,  even  when  given  in  100  mg.  doses, 
showed  no  toxicity  as  iiulicated  by  blood  nonprotein  nitrogeji  values.  How- 
ever aninuds  which  had  received  auroxanthates  show  tolerance  for  sul)se- 
quently    administered    aurothioglucose,    as    indicated    in    Table    VI.     Whereas 

« 
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50  and  100  iii^.  doses  of  aurotliioglueose  show  marked  rises  of  blood  nonpro- 
tein nitrogen  values  wlien  oiyen  to  normal  animals,  very  little  rise  in  blood 
nonprotein  nitro<^en  values  is  noted  when  these  doses  are  given  to  animals 
previously  given  auroxanthates.  Of  the  auroxanthates  studied,  auro-isopropyl 
xanthate  appears  to  be  the  only  one  that  did  not  protect  the  animal  against 
the  toxic  effect  of  subsequently  administered  aurothioglucose.  Although  the 
therapeutic  value  of  auroxanthates  has  not  been  demonstrated,  their  effect  in 
desensitizing  animals  is  clearly  demonstrated. 

HISTOPATHOLOGIC    STUDIES 

Cortell  and  Richai'ds^^  have  found  severe  kidney  damage  in  rats  receiving 
gold  sodium  thiosulfate.  Brown,  Saleeby,  and  Schamberg,^'  in  a  study  on 
rabbits,  reported  that  marked  injury  to  the  kidneys  may  take  place  before 
definite  blood  changes  occur.  Block,  Buchanan,  and  Freyberg^^'  ^*  have  re- 
ported finding  gold  in  the  kidneys  and  other  organs  of  the  body  following  ad- 
ministration of  various  gold  drugs. 

In  the  studies  here  reported,  autopsies  were  performed  on  all  animals.  Histo- 
pathologic studies  of  the  kidney  were  made  on  several  representative  animals 
by  Dr.  W.  T.  S.  Thorp,  of  the  Animal  Pathology  Laboratory. 

Insoluble  gold  compounds  were  found  largely  unabsorbed  at  the  site  of  in- 
jection for  as  long  as  two  weeks  after  administration.  No  evidence  of  the  pres- 
ence of  the  soluble  compounds  was  noted.  Nephritis  was  noted  in  most  cases 
studied  histologically.  In  all  cases  of  nephritis  a  high  blood  nonprotein  ni- 
trogen value  was  noied.  However,  kidney  damage  was  not  observed  in  all 
cases  where  a  high  nonprotein  nitrogen  value  occurred.  From  this  it  would 
appear  that  blood  nonpi-otein  nitrogen  values  serve  as  a  more  sensitive  index 
of  toxicity  than  the  histologic  studv  of  the  kidnev. 

SUMMARY 

1.  The  nonprotein  nitrogen  value  of  the  blood  has  been  used  in  determining 
the  toxicities  of  several  commercial  and  experimentally  synthesized  gold 
compounds, 

2.  The  water-soluble  compounds,  gold  sodium  thiosulfate,  aurothioglucose, 
and  slightly  soluble  a-aurothio-n-butyric  acid,  were  found  to  be  toxic. 

3.  The  water-insoluble  compounds,  colloidal  gold  and  auro-n-propyl,  auro- 
isopropyl,  auro-?i-butyl  and  auro-isobutyl  xanthates,  were  found  to  be  nontoxic. 

4.  The  toxicity  of  a-aurothi()-?i-l)utvric  acid  was  found  to  be  due  to  the  ijold 
portion  of  the  molecule.  ^ 

5.  Tolerance  and  cross-tolerance  to  gold  compounds  were  developed  in 
animals. 

6.  High  blood  nonprotein  values  were  always  found  where  tissue  changes 
indicating  kidney  damage  had  occurred.  In  some  cases  high  blood  nonprotein 
nitrogen  values  occurred  where  there  was  no  evidence  of  tissue  change. 
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